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Introductory  Note 


THE  Cyclopedia  of  Engineering  is  compiled  from  the 
most  practical  and  comprehensive  instruction  papers  of 
the  American  School  of  Correspondence.  It  is  intended 
to  furnish  instruction  to  those  who  cannot  take  a  corresjk)ndence 
course,  in  the  same  manner  as  the  American  School  of  Corre- 
spondence affords  instruction  to  those  who  cannot  attend  a  resident 
engineering  college. 

C  The  instruction  papers  forming  the  Cyclopedia  have  been  pre- 
pared  especially  for  home  study  by  acknowledged  authorities,  and 
represent  the  most  careful  study  of  actual  shop  needs  and  condi- 
tions. Although  primarily  intended  for  correspondence  study, 
they  are  in  use  as  text  books  by  Columbia  University,  Lehigh 
University,  Iowa  State  College,  the  University  of  Maine,  the  U.  S. 
Government  in  its  School  of  Submarine  Defense,  the  Westinghouse 
Companies  in  their  Shop  School,  and  for  reference  in  the  leading 
colleges,  shops  and  public  libraries. 

C  Years  of  experience  in  the  shop,  laboratory,  and  class-room 
have  been  required  in  the  preparation  of  the  various  sections  of 
the  Cyclopedia.  Each  section  has  been  tested  by  actual  use  for 
its  practical  value  to  the  man  who  desires  to  know  the  latest  and 
best  practice  in  the  shop  or  engine  room. 


C  Numeroue  examples  for  practice  are  inserted  at  intervals;  these, 
with  the  test  questions,  help  the  reader  to  fix  in  iniud  the  essential 
points,  thus  combiuing  the  advantages  of  a  text  book  with  a 
reference  work. 

C  Grateful  acknowledgment  is  dne  to  the  corps  of  writers  and 
collaborators,  who  have  prepared  the  many  sections  of  this  work. 
The  hearty  co-operation  of  these  men — engineers  of  wide  practical 
experience  and  acknowledged  ability  —  has  alone  made  these 
volumes  possible. 

C  The  Cyclopedia  has  been  compiled  with  the  idea  of  making  it  a 
work  thoroughly  technical  yet  easily  comprehended  by  the  man 
who  has  but  little  time  in  which  to  acquaint  himself  with  the 
fundamental  branches  of  practical  engineering.  If,  therefore,  it 
shoald  benefit  any  of  the  large  number  of  workers  who  need,  yet 
lack,  technical  training,  the  editors  will  feel  that  its  mission  has 
been  accomplished. 
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HEAT* 


Until  the  time  of  Count  Rumford  and  Sir  Humpliry  Davy 
the  most  widely  accepted  notion  of  the  nature  of  heat  was  tliat  it 
was  an  elastic  fluid,  penetrating  the  pores  of  all  matter  and  filling 
the  spaces  between  molecules.  To  this  fluid  the  name  caloric  was 
given.  In  order  to  explain  the  various  manifestiitions  of  heat,  it 
was  necessary  to  ascribe  various  properties  to  the  caloric  fluid, 
such  as  indestructibility,  absence  of  weight,  differences  in  the 
intensity  of  its  affinity  for  different  kinds  of  matter,  and  so  on. 
But  these  explanations  were  not  borne  out  by  experiment ;  and  in 
1798  Count  Rumford  showed,  by  a  series  of  experiments  with  a 
blunt  boring  bar  and  a  brass  cannon,  that  the  heat  developed  in 
boring  the  csinnon  had  no  relation  to  anything  but  the  friction 
of  the  apparatus.  He  thus  proved  that  heat  could  not  be  a  material 
substance,  for  it  was  produced  without  limit  from  a  limited  (juan- 
tity  of  matter,  provided  only  that  the  motion  were  maintained  ; 
and  he  aimounced  his  conviction  that  heat  was  in  realitv  a  foini  of 
motion. 

Sir  Humphry  Davy  showed  that  two  pieces  of  ic(»  might  he 
melted  by  rubbing  them  together.  He  thus  proved  that  heat  can 
be  produced  by  the  expenditure  of  work  only.  This  leads  to  the 
important  conclusion  that  heat  must  be  a  form  of  cneriry,  since  it 
can  he  produced  from  energy,  aii<l  (as  we  know  in  the  case  of  the 
steam  engine)  can  itself  be  converted  into  well-reeoju^nized  forms 
of  energy. 

Heat-energy  is  now  undei-stood  to  lie  in  the  rapid  irregular 
vibrations  of  the  molecules  of  which  all  matter  is  com[)osed.  We 
shall  see  tliat  the  idea  of  ra[)idly-nioving  molecules  atYords  a  ready 
explanation  of  many  of  the  phenomena  of  heat. 

This  motion  mav  be  comnuinicated  from  (me  bodv  to  another: 
or,  in  other  words,  heat  may  flow  from  one  IkkIv  to  another.  T1m» 
condition  that  determines  which  way  the  flow  will  take  place  is 
called  temperature. 
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Temperature,  then,  has  nothing  to  do  with  quantity  of  heat. 
If  a  spoonful  of  water  be  dipped  from  a  full  pail,  it  is  clear  that 
the  quantities  of  heat  in  tlie  two  masses  of  water  are  very  unequal, 
yet  there  is  no  tendency  for  lieat  to  travel  from  either  U)  the  other. 

Our  study  of  the  phenomena  and  laws  of  lieiit  thus  naturally 
divides  itself  as  follows: 

1.  Tlie  measurement  of  temperature,  or  thermometry. 

2.  The  measurement  of  quantities  of  heat,  or  calorimetry. 

3.  The  relation  between  heat  and  mechanical  work,  or  ther- 
modynamics. 

Equality  of  temperature  may  be  estimated  quite  accurately 
sim[)ly  by  touching  two  bodies  with  the  hand,  provided  they 
are  of  a  similar  nature  and  neither  very  hot  nor  very  cold. 
The  power  which  enables  us  to  do  this  is  called  the  temperature 
sense.  It  does  not  help  us  much,  however,  if  the  bodies  are  of 
very  different  nature,  nor  d(»es  it  tell  us  whether  they  are  actually 
hot  or  cold.  The  sensation  really  depends  on  the  rate  at  which 
lieat  is  communicated  to  (or  taken  from)  the  hand,  and  this 
depends  on  the  temperature  of  the  hand  as  well  as  on  the  nature 
of  the  material  tested. 

A  simple  experiment  will  illustrate  this.  Place  the  right 
hand  in  ice-water  and  the  left  hand  in  hot  wat4»r  ;  after  a  minute 
withdraw  them  and  place  them  simultaneously  in  water  just  drawn 
from  the  faucet.  It  will  seem  warm  to  the  right  hand  and  cold  to 
the  left  hand,  because  in  the  first  Ciuse  heat  piisses  from  the  water 
to  the  hand,  and  in  the  second  case  from  the  hand  to  the  water. 
Again,  a  stone  in  winter  feels  colder  to  the  hand  than  a  piece  of 
fur  or  woolen  cloth.  The  stone  conducts  the  heat  away  from  the 
hand  faster  than  the  fur  does,  and  thus  gives  the  sensation  of  a 
lower  temperature. 

THERMOMETERS. 

Instruments  for  the  measurement  of  temperature  are  called 
thermometers.  In  designing  a  thermometer  we  may  use  any 
substance  one  of  whose  j)roperties  varies  continuously  with  the 
temperature.     Among  the  properties  most  convenient  for  use  are*. 

1.  ExpJinsion  ;  used  for  ordinary  temperatures. 

2.  Change  of  electrical  resistance;  used  for  very  low  temperatures. 
8.     Thermo-electric  effects ;  used  for  very  high  temperatures. 
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The  first  of  these  is  discussed  in  this  paper ;  the  principles 
on  whicli  the  others  depend  will  be  explained  in  the  Instruction 
Papers  on  Electricity. 

Besides  these,  many  other  properties  of  substances  that 
depend  on  temperature  are  useful  in  special  cases.  For  example, 
when  a  piece  of  polished  steel  is  heated  its  surface  changes  color, 
each  color  corresponding  to  a  certain  definite  temperature.  The 
process  of  tempering  consists  in  heating  the  previously  hardened 
articles  until  they  assume  the  proper  temperature,  as  shown  by 
their  color,  and  then  plunging  them  again  into  cold  water  or  oil. 
In  this  way  each  piece  is  made  to  indicate  its  own  temperature 
without  possibility  of  mistake. 

Liquid  Thermometers.     In  the  most  common  form  of  ther- 
mometer, temperature  is  measured  by  the  expansion  of  mercury  in 
glass.     On  the  end  of  a  glass   tube  of  very  fine  bore,       Q 
a  bulb  is  blown  (see  Fig.  1),  and  the  bulb  and  part      f    1 1 
of  the  tube  are  filled  with  mercury.     The  whole  is  then 
heated  until    the    mercuiy  completely  fills    the    tul)e, 
after  which    it    is    sealed    and   allowed  to  cool.     The 
space  in  the  tube  above    the  mercury  is  thus   entirely 
freed  from  air.      Changes    in    temperature    cause    the 
mercury  to  expand  or  contract,  and  the  liquid  in  the 
tube  will  rise  or  fall  accordingly. 

But  the  thermometer  tlius  made  is  not  yet  ready 
for  use.  It  must  have  its  divisions  properly  spaced  and 
in  the  right  places  on  the  tube.  All  thermometers  for 
accurate  work  should  have  their  scales  engraved  on  the 
tube  itself,  and  not  on  a  plate  attached  to  it.  Before  we 
("dii  engrave  the  scale  we  must  know  at  least  two 
points  on  the  stem  that  correspond  to  known  teni[)er- 
atures.  The  two  points  commonly  taken  are  known  as  the 
freezing  point  and  the  boiling  point. 

The  freezing  point  can  easily  be  found  by  putting  the  ther- 
mometer into  a  mixture  of  clean  pounded  ice  (or  snow)  and  water. 
The  boiling  point  is  found  by  immersing  the  whole  thermometer  in 
steam  from  boiling  water.  The  fieczing  point  is  always  the  same 
under  ordinary  conditions,  but  the  ten^perature  of  the  boiling  pomt 
rises  or  falls  slightly  as  atmospheric  pressure  incieases  or  decreases. 


Fig.  1. 
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Thermometer  Scales.  Two  scales  ot  tenii>erature  are  in 
use.  On  the  Fahrenheit  scale,  devised  about  1714,  the  boiling 
point  is  marked  212°,  and  the  freezing  iKunt  32°,  there  being  thus 
1  80  degrees  l)et\veeii  theui.  The  Centv/rade  scale,  which  is  more 
convenient  for  scientific  woik,  has  its  boiling  point  marked  100° 
and  its  freezing  point  marked  0°. 

We  may  convert  Centigrade  to  Fahrenheit  tenn)ei-ature8  in 
the  following  way  : 

Since  100  Centigrade  degrees  cover  the  same  temperature 
interval  as  180  Fahrenheit  degrees,  one  Centigrade  degree  is*  j-jj 
or  J  as  long  as  one  Fahrenheit  degree.  Hence  a  temperature  of 
m  degrees  Centigrade  is  equal  to  |  in  Fahrenheit  degrees  above 
the  Centigrade  zero.  But  this  point  is  marked  32°  on  the  Fahren- 
heit scale,  consequently  the  total  reading  on  the  Fahrenheit  ther- 
mometer will  be 

9 

~  m  +  32. 

5 

The  formula  for  changing  a  temperature  C°  Centigrade  to  its 
Fahrenheit  equivalent  F°,  therefore,  is 

9 
F°  =  --C°  +  32; 

5 

and  by  trans{K)8ing  we  obtain  the  ((Mn^sponding  formula, 

C°=-(F-32). 
9^  ^ 

EXAHPLES   FOR   PRACTICE. 

1.  To  what  temperature  F  doi's  58°  C  correspond  ? 

Ans.  136.4°  F. 

2.  To  what  tempeniturc  V  (Iocs  149°  F  correspond? 

Ans.  65°  C. 

3.  The  difference  between  the  temperatures  of  two  bodies  is 
45°  F.     What  is  it  in  Centigrade  degrees? 

Ans.  25°  C. 

4.  Lead  melts  at  327°  C.  What  is  its  melting  point  on  the 
Fahrenheit  scale  ?  Ans.  620.6°  F. 
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Temperatures  below  tlie  zero  point  can  be  dealt  with  by  call- 
ing them  negative  and  using  them  with  a  minus  sign. 

Example.     To  what  temperature  F  does  —  20*^  C  correspond? 
Solution.     F°  =  T--  of  —  20  "^  4-  32 


ion.     F°  =  (-  of  —  20^  +3 


=  _  36  -f  32  =  —  4°.     Ans. 

EXArtPLES  FOR  PRACTICE. 

1.  To  what  temperature  F  does  —  18°  C'  correspond? 

Ans.  — 0.4^  F. 

2.  To  wliat  temperature  C  does  —  40°  F  correspond? 

Ans.— 40°  C. 

The  temperature  Tg  of  steam  in  Centigrade  degrees  is  given 
by  the  following  formula: 

T.=  100° +  1^(11 -760),     . 

where  II  is  the  barometric  pressure  in  millimeters. 

In  Fahrenheit  degrees  the  temperature  T'g  is 

T'g  =  212°  +  1.71  (H"  —  29.92), 

where  IT'  is  the  barometric  pr(*ssure  in  inches. 

When  the  l)arometer  stands  at  exactly  700  millimetei*s  or 
20.02  inches,  tlie  temperature  of  steam  is  therefore  100°  C  or 
212°  K.  The  Centigrade  scale  is  used  in  almost  all  scientific 
work,  while  the  Fahrenheit  scale  is  more  common  in  daily  life. 

EXAMPLES  FOR  PRACTICE. 

1.  What  is  the  temperature  of  steam  when  the  barometer 

i-eads  772.8  millimeters? 

Ans.  1 00.48°  C. 

2.  What  is  the  temperature  of  steam  when  the  barometer 

on  a  mountain  stands  at  27.44  inches? 

Ans.  207.76°  F. 

EXPANSION   OF   SOLIDS. 

When  the  temperature  of  a  body  rises,  as  a  rule  we  find  an 
increase  in  its  dimer.siorij.     This  is  called  expansion.     It  d<'pends 
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on  the  rise  of  temperature  and  on  the  nature  of  the  body  itself. 
A  rod  wliose  lengih  is  unity  at  0°  C  will  have  at  any  other  tem- 
perature t  the  length 

where  a  is  a  small  constiint  called  the  coefficient  of  linear  expan- 
sion.    If  i::^  1°,  then  the  length  at  1°  would  be  simply 

l  +  .f  X  l  =  l+a, 
and  the  increase  in  length  would  be 

(1  JUa)  —  \=a, 

We  may  therefore  define  the  coefficient  of  linear  expansion 
as  the  increase  in  length  per  Centigrade  degree  of  a  rod  whose 
length  is  unity  at  0°  C.  It  varies  a  little  at  different  temperatures 
and  is  usually  larger  at  higher  temperatures. 

The  following  table  gives  the  average  value  of  the  coefficient 
of  linear  ex[)ansion  for  various  solids,  between  0°  and  100°  C 
(32°  to  212°  F).  Different  specimens  of  the  same  substiince 
sometimes  give  diffen»nt  results,  and  the  figures  do  not  hold  for 
temperatures  much  beyond  tin*  given  limits.  They  may,  however, 
be  used  for  all  ordinary  purposes. 

COEFFICIENTS  OF    LINEAR   EXPANSION. 


rorcelaiii 

Gas  carbon 

Glass 

Pine  wood,  alonj^^rain 

Cast  iron 

riatinuni 

Steel 

WroMjibt  iron 

(\»j)l>er 

Brass 

Silver 

Zinc 

Ice 


PER    DRdKEE   CKNTIGKADK. 

0. 00000806 
0.000(K)56 

0.00<M)067  to  0.00000883 
0.00000008 
0.00001075 
0.00000007 

0.(KX>010S8  to  0.00001098 
0.000(H228 

().no()()ir.(;<;  to0.oOOOi7l8 

0.000018  !(►  toO.OO(M)l*M>0 
0.00001043 
0.00002076 

(_12<»  to  0**),  0.0001060 


PER   DEGREE    FAHRENHEIT. 


0.00000448 

0.0000031 
0.0000032      to  0.00000491 

0.00000338 
0.0000a5972 
0.0000050:^9 
0.000006044  to  0.00000610 

0.000006822 
0.00000925   to  0.00000954 
0.00001022   to   0.00001059 

0.00001079 
0.0000  UViH 
(10°  toSi**),      0.000058:^ 


The  cocilicient  of  surface  expansion  may  be  found  by  nuilli- 
plyin^^  tlu*  above  figuies  by  two;  and  the  eoeilieient  of  cubical  or 
volume  expansion,  by  multiplying  by  three. 
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It  is  clear  from  the  table  that  different  substances  expand 
very  unequally  ;  zinp,  for  example,  expanding  over  tliree  times  aa 
miicK  as  platinum  and  more  than  twice  as  much  as  iron.     If  then 


we  make  a  bar  like  A  oE  Fig.  2,  by  liveting  together  a  strip  of 
zinc  and  one  of  iron,  and  heat  it,  the  bur  will  not  only  lengthen 
hut  liecome  curved,  the  zinc  being  on  the  convex  side.  If  cooled 
b-lnw  its  original  temperature,  the  bar  curves  the  opposite  way ; 
and  by  fixing  one  end  of  the  bar  the  other  end  may  be  ra;ide  to 
show  a  considerable  motion   for  small  changes   of   temperature. 


This  principle  is  eiiiployol  in  sunn-  fin-ins  uf  nu'tiUic  thcnmnjieter 
(see  Fig.  3).  The  im-Ut!  >^i.iii\i^  F(iE(  is  f;ist.'nrd  at  F.  the 
■villaining  part  l)eiiig  flee  to  cxpiuid  or  i-oiitrac-t.  To  this  spring, 
at  [1.  is  fitst^'ned  a  fim-r  spring  T 'I',  i-hiniprd  at  i'  tn  tlic  ;irni  A, 


\e.\\' 
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wliicli  is  pivoted  at  O.  The  segment  C  D  of  a  gear  on  the  arm 
A  operates  the  pinion  to  which  the  hand  Z  Z  is  attached.  An 
additional  spring  S  S  tends  to  move  the  hand  in  the  opposite 
direction.  Heat  causes  expansion  of  tlie  spring  F  G  H,  and  the 
hand  Z  Z  move^  in  a  direction  opposite  to  that  of  the  hands  of 
a  clock.  The  same  principle  is  also  used  in  thermostats.  In 
these  instruments  the  free  end  of  the  bar  is  sometimes  made  to 
move  between  stops  connected  with  electric  circuits ;  and  in  this 
way  the  temperature  of  a  furnace  or  a  room  can  be  easily- 
controlled. 

With  the  help  of  the  table  we  can  calculate  the  expansion  of 
a  rod  of  any  length.  Let  Z„  represent  the  length  of  a  ixxi  at  0°  C, 
and  Zt  its  length  at  the  temperature  t^  ;  and  let  us  find  the  relation 
between  /^  and  l^. 

Since  a  rod  of  unit  length  at  0°  will  have  at  t°  the  length 
1  -\-  a  t^  the  length  of  a  rod  Z„  times  as  long  will  be  l^  times  as 
much,  or  l^ (1  -{-  at).     That  is, 

^=^o(l+«f)•  (') 

Ry  transposing,  we  may  put  this  into  tlie  form 

Example.     A  copper  wire  is  65  inches  long  at  30*^  C.     How 

long  is  it  at  0^  C  ? 

Solution.     From  equation  2  we  have: 

G5 

Lent^th  at  0°  -- 

^  1  4-  0.00001666  X  30 

Go  _  .     ^ 

— -      _-  B4  ()(i7  inches.     Ans. 

1.0005 

Example.  A  sheet  of  zinc  twenty  inches  by  thirty  is  heated 
from  .'^2°  F  to  100°  F.     What  is  its  increase  in  area? 

Solution.  The  surface  expansion  of  zinc  is  2  X  0.00001653, 
or  0.00003306  per  degree  F. 

The  surface  of  the  slicet  is  20  X  30  z=  GOO  scj.  in. 

'l^he  sheet  is  heated  tln-ough  100°  —32"*  =  68  degrees  F. 

Tlierefore  the  area  of  the  heated  sheet  will  be 

600  (1  +  0.00003306  X  68)  =  600  (1  +  0.002248)  =  601.35. 
The  increase  in  area  is  therefore  1.35  sq.  in.     Ans. 
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EXAMPLES  FOR  PRACTICE. 

1.  A  brass  disk  has   a  diameter  of  four  inches  at  32®  F. 

What  is  Its  diameter  at  72°  F  ? 

Ans.  4.00164  inches* 

2.  A  copper  tank  holds  ten  gallons  of  ice  water.     How  many 

gallons  of  boiling  water  will  it  hold  ? 

Ans.  10.05  gallons. 

Suppose  the  length  of  a  rod  to  be  given  at  a  certain  tempera- 
ture t°,  and  we  wish  to  find  the  length  at  some  other  temperature 
t^^.     Inspection  of  equation  2  shows  that  we  may  write 

h,=i!o  (l  +  af). 
We  also  have  directlv 

l^,  =  ?„(!+  at:). 
Dividing  one  equation  by  the  other,  we  have 


or. 


A  more  convenient  form  of  this  equation,  which  will  give 
approximately  correct  results,  is  as  follows  : 

/t,  =/,  [1  + a  («'-<)  ].  (4) 

EquJition  4  may  be  used  to  determine  the  length  of  a  ])ar 
which  has  been  heated  through  a  known  temperature,  when  the 
original  length  and  the  coefficient  of  expansion  are  known. 

EXAHPLES  FOR  PRACTICE. 

1.  A  rod  of  copper  is  10  feet  long  at  25°C.     What  will  be 

its  length  at  SS""  ? 

Ans.  10.01  feet,  nearly. 

2.  A   bar  of    wrought   iron  is   200    inches   long  at  40°  F. 

What  will  be  its  length  at  148°  F  ? 

Ans.  200.147  inches. 
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3.  If  the  extreme  diflference  between  summer  and  winter 
temperatures  is  100  degrees  F,  what  will  be  the  chnnge  in  length 
of  an  iron  bridge  which  is  250  feet  long  in  summer? 

An 8.  0.1705  foot  shorter. 

EXPANSION   OF   LIQUIDS. 

In  the  case  of  liquids  and  gases  we  have  to  deal  only  with 
cubical  expansion,  since  fluids  have  no  definite  form.  The  expan- 
sion of  liquids  is  much  greater  than  that  of  solids.  For  mercury 
the  average  coefficient  between  0°C  and  100°C  is  0.0001825  per 
degree.  For  other  liquids  the  expansion  increases  rapidly  witli 
the  temperature  an<l  is  very  great  at  high  temperatures.  The  fol- 
lowing table  gives  some  values  for  three  common  liquids  . 


TEMP. 

WATER. 

ALCOHOL. 

ETHER. 

0° 

1. 

1. 

1. 

10° 

1.0001 

1.0105 

1.0152 

20° 

1.0016 

1.0213 

1.0312 

30° 

1.0041 

1.0324 

1.0483 

40° 

1.0076 

1.0440 

1.0665 

Water  presents  a  partial  exception  to  the  increase  of  volume 
by  lise  of  temperature.  As  its  temperature  rises  from  0°  (ice 
just  melted)  to  4°C,  it  contracts  instead  of  expanding,  the  amount 
of  contraction  being  129  parts  in  a  million.  Above  4°  it  expands 
like  any  other  liquid. 

This  curious  fact  is  of  immense  importance  in  nature.  As  tlie 
water  of  rivers  and  lakes  cools,  it  becomes  denser  and  sinks,  the 
coldest  water  thus  going  to  the  bottom  until  4°  is  reached.  Below 
this  tenipemture,  however,  the  water  becomes  lighter  as  it  cools, 
and  stays  at  the  suiface.  Ice  thus  forms  fii*st  at  the  surface  and 
the  life  l)eneath  is  protected,  lus  ice  is  a  poor  conductor  of  heat. 
If  the  water  contracted  down  to  the  freezing  point,  ice  would  form 
from  the  bottom  up,  and  a  pond  would  bec^ome  a  solid  mass  which 
would  ]>robably  never  thaw  completely. 

An  interesting  applicaticm  of  tlie  expansion  of  liquids  is  in 
the  nier(;urial  pendulum  used  in  large  clocks  (Fig.  4).  The  j)en- 
dulnm  rod  carries  at  its  end  a  jar  of  glass  or  iron  holding  a  quan- 
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tity  of  mercury.  A  rise  in  temperature  lengthens  tlie  rod  and 
lowers  the  center  of  gravity  of  the  pendulum  ;  but  the  mercuiy  also 
expands  and  rises  in  the  jar,  producing  the  opposite  effect.  ? 
In  this  way,  by  using  the  proper  amount  of  mercury,  it  is 
possible  to  make  a  pendulum  whose  vibrations  are  unaffected 
by  changes  in  temperature. 

EXPANSION   OF  QASE5. 

If  we  partially  fill  a  bladder  with  air  and  place  it 
near  a  fire,  it  will  become  distended,  showing  that  the 
air  has  expanded.  This  expansion  is  practically  the  same 
for  all  gases,  and,  for  each  degree,  is  ^^-^  or  0.00366  of 
their  volume  at  0®C  ;  for  each  degree  F  a  gas  will  expand 
I  as  much,  or  ^^^  of  its  volume  at  32°  F.  These  figures 
iussume  that  the  pressure  on  the  gas  remains  constant. 

If  then  we  have  a  quantity  of  gas  V  at  0°C,  at  1° 
it  will   have  the    volume  |f  ^  V,  at   2°    it    will  have  the 
volume  |^§  V,  and  so  on.       We  may  express  the  general      Fiir.4. 
law  as  follows : 

If  Vq  be  the  volume  at  0°C,  then  the  volume  V^  at  any 
other  temperature  t  will  be 

Vt  =  V„(l+J^).  (5) 

Or,  in  decimal  form, 

Vt  =  Vo  (1  +  0.00366O.  (6) 

If  t  is  l)elow  zero,  we  subtract  the  second  term  instead  of 
adding  it. 

With  this  formula  we  may  work  exactly  as  with  the  formulas 
for  the  expansion  of  solids  on  page  11. 

Example,  Find  the  volume  at  loO°('  of  a  gas  measuring  10 
cubic  centimetei*s  at  15°. 

Solution.     Applying  formuhi  6  twice,  W(»  obtain 

V,5o  =:  V„  (1  +  0.00366  xl'V))  zzz  1.549  V^, ; 
Vi5  =  V^  (1  +  0.00366x15)  =  1.0549\V 
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Tlierefore 


V,«,  =  V,  J:^^|^  =  10  X  l§gg  =  14.68  cub.  cm.,  nearly. 

EXAHPLES  FOR  PRACTICE. 

1.  What  will  be  the  volume  of  400  cubic  inches  of  oxygen 
at  0%\  .when  heated  to  30°  ? 

Ans.  444  cubic  inches,  nearly. 

2.  If  lt)0  cubic  centimeters  of   hydrogen  be  measured  at 
60°  C,  what  will  be  the  volume  of  the  gas  at  —  50°  ? 

Ans.  110.45  cub.  cm.,  nearly. 

3.  If  1,750  cubic  feet  of  coal  gas  at  20°C  are  cooled  to  0°, 
what  will  be  the  volume  ? 

Ans.  1,630.6  cubic  feet. 

If  the  tein{wratures  are  expressed  on  the  Fahrenheit  scale, 
formula  6  becomes 

Vt'  =  V32  [1  +  0.002035  (e'  —  32)  ],  (7) 

where  t'  is  the  temperature  F. 

EXAHPLES  FOR  PRACTICE. 

1.  1,000  cubic  feet  of  air  are  heated  from  32°  F  to  00°  F. 
What  is  the  increase  in  volume? 

Ans.     118  cub.  ft. 

2.  3(»0  cubic  feet  of  nitrogen  at  70°  F  are  cooled  to  10°  F- 
What  is  the  volume  after  cooling? 

Ans.  319.2  cul).  ft. 
When  a  quantity  of  gas  confined  in  a  given  space  is  heatc*d 
its  pressure  rises,  and  if  the  volume  of  the  gas  is  kept  constant 
the  increase  of  pressure  is  very  nearly  the  same  as  the  above- 
described  increase  of  volume  at  constant  pre*ssure.  We  may 
therefore  deal  witli  pressure  changes  due  to  temperature  just  as 
with     changes     of     volume,     employing     formulas    6    and    7  as 

before. 

EXAHPLE  FOR  PRACTICE. 

A  closed  iron  tank  contains  air  at  50  ll)s.  ])ressure  at  32°  F. 

What  will    the    pressure   l)e  if   the    temperature   rises    to    68°  F, 

n(»gl(H*ting  the  effect  of  the  expansion  of  the  tank? 

Ans.     53.66  lbs. 
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Since  a  reduction  of  temperature  from  0^  C  to  —  1°  C  is 
accompanied  by  a  loss  of  ^^  ^  of  the  pressure  of  a  gas,  it  would 
appear  that  by  lowering  the  temperature  to  —  273*^0  (  =  —  451)°* 
F)  all  the  gas  pressure  would  disappear,  and  the  molecules  would 
come  completely  to  rest.  But  this  means,  from  our  definition  of  heat, 
the  total  absence  of  heat  energy.  This  point,  therefore,  is  called 
the  absolute  zero  of  temperature.  Of  coui-se  it  can  never  be 
reached  experimentally,  but  recent  researches  have  carried  the 
range  of  available  temperatures  far  down  toward  it.  By  the 
evaporation  of  liquid  and  solid  air  and  hydrogen,  a  temperature  of 
— 260°C  has  been  attained. 

Thus  we  see  that  to  reduce  ordinary  temperatures  to  al)solute 
temperature  we  add  273  if  we  are  using  Centigrade  units,  or  4G1 
for  Fahrenheit  units. 

LIQUEFACTION. 

When  heat  is  applied  to  an  amorphous  substance  like  glass  or 
pitch,  it  changes  gradually  from  a  solid  to  a  liquid,  and  there  is  no 
definite  point  at  which  melting  occurs;  but  for  most  crystalline 
sul)8tances  the  change  from  solid  to  liquid  is  well  marked.  For 
such  sul)stance8,  melting  (also  called  fusion)  takes  place  according 
to  the  following  laws : 

1.  Every  sul)stance  melts  at  a  certtiin  temperature,  which  is 
always  the  same  if  the  pressure  on  the  substance  is  the  same. 

2.  After  fusion  begins,  the  temperature  of  the  mass  remains 
at  the  melting  point  until  the  solid  is  completely  melted. 

3.  In  cooling,  the  substance  solidifies  at  the  temperature  of 
melting. 

TABLE  OF  MELTING  POINTS. 


Centi-       1 
grade. 

Zinc, 

Centi- 
grade. 

Ether, 

—  117°      1 

418** 

Mercury, 
Ice, 

—  39.4     , 
0 

Silver, 
Gold, 

908 
1072 

Paraffin, 
Wood's  m 

etal, 

46         1 
65  to  70 

Copper, 
Cast  iron. 

1082 
1100  to  1200 

Sulphur, 

Tin, 

Lead, 

114         1 
232 
327         1 

Wrought  iron, 

Platinum, 

Iridium, 

1600 
177.') 
1950 

•  NoTK.     Some  authorities  quote — 461"  F. 
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Most  substances  increase  in  volume  on  melting,  but  some 
contract.  The  reverse  change  takes  place  on  solidifying.  Good 
castings  can  be  made  only  from  those  metals  or  alloys  which 
expand  on  solidifying,  like  cast  iron  and  type-metal.  Gold, 
aluminum,  lead  and  silver  must  be  stamped  to  get  sharp  impres- 
sions. 

VAPORIZATION. 

Since  heat  is  the  rapid,  irregular  vibratory  motion  of  the  mole- 
cules, it  follows  that  if  we  add  heat  to  a  body  we  increiise  this 
motion.  At  a  certain  stage  the  vibration  is  so  vigorous  that  the 
molecules  (if  the  l)ody  is  a  solid)  can  no  longer  hold  fast  to  one  an- 
other, and  the  solid  literally  falls  to  pieces,  that  is,  it  melts.  By 
applying  more  heat  to  the  liquid  and  still  further  raising  its  tem- 
perature, we  may  finally  reach  a  point  at  which  some  of  the  mole- 
cules are  moving  so  violently  as  to  escape  into  the  air,  altogether 
free  from  one  another's  influence.  We  then  have  a  vapor,  and  the 
change  into  this  aeriform  condition  is  called  vaporization. 

If  vaporization  takes  place  slowly,  and  only  at  the  surface  of 
a  liquid,  it  is  called  evaporation.  Evaporation  will  be  hastened 
by  anything  that  facilitates  the  escape  of  molecules  from  the 
liquid  surface,  as  by  increa^sing  the  temperature  of  the  liquid, 
lowering  the  pressure  on  it,  or  causing  a  breeze  to  play  over  the 
surface. 

The  fact  that  heat  is  due  to  molecular  motion  explains  why 
evaporation  is  a  cooling  process.  Naturally  those  molecules  will 
escape  fii'st  wliose  motion  is  most  violent,  that  is,  whose  tempera- 
ture is  highest.  The  more  sluggish  (and  therefore  colder)  mole- 
cules stay  behind.  Thus,  as  the  licjuid  evaporates,  the  departing 
molecules  take  with  them  more  than  their  proportionate  share  of 
heat,  and  the  remaining  liquid  grows  colder. 

Cooling  by  evaporation  may  be  illustrated  by  a  simple  experi- 
ment. Drop  alx)ut  a  teaspoonful  of  water  on  a  tiible  or  smooth 
board,  and  set  a  small  tin  dish  on  the  water.  Pour  three  or  four 
tablespoonfuls  of  ether  into  the  dish,  and  blow  upon  it  \vith  a  pair 
of  bellows.  After  two  or  three  minutes  of  vigorous  blowing,  the 
dish  will  l^e  found  frozen  fa^it  to  the  board.  (Caution. —  Keep 
ether  aivaif  from  UgJits,     Ether  vapor  is  highly  inflammable.) 
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When  water  is  heated  over  a  flame,  the  air  (or  any  other  gas) 
present  is  first  driven  off  in  tiny  bubbles  which  rise  to  the  surface 
and  escape  without  noise.  When  the  water  nearest  the  flame  is 
raised  to  the  boiling  point,  bubbles  of  vapor  are  formed,  which  also 
rise  through  the  water,  but  are  condensed  by  the  cooler  layers 
before  getting  to  the  surface.  This  formation  and  condensation 
of  steam  bubbles  produces  the  sound  known  as  singing  or  simmer- 
ing. The  "  water  hammer  "  in  steam  pipes  is  of  a  somewhat  simi- 
lar nature  but  on  a  larger  scale.  When  the  entire  mass  is  heated 
to  the  boiling  point,  the  steam  bubbles  rise  to  the  surface  and 
break,  discharging  their  contents  into  the  air  with  a  characteristic 
noise.     This  stage  is  called  ebullition  or  boiling. 

Like  air,  steam  is  colorless,  transparent  and  invisible.  What 
is  commonly  called  "a  cloud  of  steam"  is  really  a  cloud  of  fine 
water  p  irticles  condensed  from  steam.  Observe  any  steam  jet,  and 
notice  that  at  the  end  of  the  pipe  nothing  whatever  can  be  seen, 
the  jet  becoming  visible  only  after  it  has  gone  far  enough  from 
the  pipe  to  be  cooled  and  condensed. 

The  increase  of  volume  by  vaporization  is  usually  very  great. 
For  example,  a  cubic  inch  of  water  will  make  1,661  cubic  inclies 
of  steam  at  atmospheric  pressure. 

By  increasing  the  pressure  on  the  surface  of  a  boiling  liquid, 
we  make  it  more  difficult  for  the  molecules  to  escape;  they  cannot 
escape  unless  given  more  motion,  that  is,  unless  tliey  have  a 
higher  temperature  than  before.  In  otlier  words,  an  increase  of 
pressure  raises  the  boiling  point.  The  following  table  gives  the 
boiling  point  of  water  under  different  pressures,  as  measured  by  a 
«team  gage  : 

BOILINQ  POINT  OF   WATER. 


GAGE  PRESSURE. 

TEMPERATURE,  FAHR. 

0  (atmosphere) 
50  lbs. 
100    *• 
150    *• 
200    •• 

212" 

297.4 

337.6 

365.7 

387.8 

The  laws  of  vaporization  are  similar  to  the  laws  of  fusion 
given  on  page  15.     The  following  table  gives  the  boiling  points  in 
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degrees  C.ViitigiHile  uf  some  liquids,  iiiutei'  h  preitsure  of  oao  atiitos- 
BOILINO  POINTS. 


LUiuid  air, 

SulphiiroiiRanbydriile, 
Ether, 

—  ISS" 

—  38.S 

—  10,1 
:u.»      i 

Chlorufurm, 
Alcuhul, 
Mercury, 
Sulphur, 

61.2° 
78.4 

444.6 

DISTILLATION. 

'      Tlie  (lifTertiiice  in  tliG  Ixiiliiig  jioiiits  n[  ttiilistjinccis  lina  Hli  im- 
[MirUiit  U|)}ilitMtion  in  t)i6  iirts,  in  the  Kt^jNtmtion  of  liqiiida  fmin 


solids,  or  of  liqu'ds  from  eiicli  other.  Tin;  simple  removal  of  a 
liquid  from  ii  solid,  ils  iu  evaiKHiitiiig  brine  to  recover  the  sidt, 
iK'wls  no  sjjeciid  ivppiiiinces ;  Init  when  the  eviijiomted  Ii<iuid  ia  to 
be  Siived,  an  ii|niiiratns  lulled  a  still  is  used,  and  the  process  is 
call<-d  distillation. 

A  still  consists  esseiitially  of  two  jiiirts:  a  n^tort  in  whieh 
the  liqnid  is  vaporized.  ;incl  ii  roinh-iii'i-r  in  which  it  is  l-edneed  to 
liqnid  again.  Fig.  o  shows  a  form  of  the  aiiparatiis  for  separat- 
ing a  liqnid  from  a  solid,  or  one  liquiil  from  another  of  diflerent 
Imiling  point,  sneh  im  alcohol  mid  water.  The  mixture  is  |K:ureil 
into  the  retort  H.  and  then  heated  lo  alwut  90°  C,  which  is  above 
the  Imiling  ]ioint  of  alcohol  bnt  Ixdow  that  of  water.  The  vapor- 
ized alcohol  escapes  through  A  to  the  worm  D.     This  is  a  simple 
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helical  coil  of  pipe  surrounded  by  cold  water,  and  serving  to  con- 
dense the  vapor,  which  runs  out  as  a  liquid  at  the  bottom.  The 
cooling  water  is  constantly  changed  by  supplying  fresh  cold  water 
at  the  bottom  and  drawing  off  the  heated  water  from  the  top. 

This  process  is  called  fractional  distillation,  and  is  carried  out 
on  an  enormous  scale  in  the  refining  of  petroleum.  Wlien  the  dis- 
tillate is  to  be  very  pure,  it  is  necessary  to  repeat  the  operation  one 
or  more  times.  When  piacticable,  especially  with  inflammable 
liquids,  the  heating  is  done  by  steam  pipes  supplied  from  a 
distant  boiler. 

THE  nEASUREHENT  OF  HEAT.     Heat  Units. 

There  are  two  units  of  measurement  for  determining  quantities 
of  heat.  The  British  thermal  unit  (often  abbreviated  B.  T.  U.) 
is  the  amount  of  heat  required  to  raise  one  pound  of  water  from 
69^  to  60®  Fahrenheit.  The  French  unit,  or  calorie,  is  the  amount 
of  heat  required  to  raise  the  temperature  of  one  gram  of  water 
from  15*^  to  16°  Centigrade.  The  former  is  much  used  in  engi- 
neering calculations  involving  steam  and  fuels,  and  the  latter  in  all 
other  scientific  work. 

LATENT  HEAT. 

If  we  put  a  block  of  very  cold  ice  into  a  vessel  over  a  flame 
and  insert  a  thermometer  into  the  ice,  we  shall  observe  the  ther- 
mometer rise  to  0°  C,  at  which  point  the  ice  begins  to  melt.  The 
temj)erature  of  the  ice  and  water  then  shows  no  further  change 
until  all  the  ice  has  melted,  though  the  heat  is  applied  continu- 
ously. Only  after  the  melting  is  complete  will  the  temperature  of 
tlie  water  begin  to  rise.  It  will  then  increase  until  100®  0  is 
reached,  when  ebullition  l)egins,  the  temperature  not  rising  al)ove 
100®  until  all  the  water  has  boiled  away. 

We  thus  see  that  in  changing  from  ice  to  water  and  from 
water  to  steam  there  is  aljsorbed  a  considerable  quantity  of  heat 
which  does  not  show  on  the  thermometer.  The  quantities  of  heat 
absorlied  in  the  processes  of  fusion  and  vaporization  are  called 
tlie  latent  heat  of  fusion  and  the  latent  heat  of  vaporization  respect- 
ively. 
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The  following  example  shows  how  the  latent  heat  of  fusion 
of  ice  may  be  measured.  If  we  mix  a  gram  of  water  at  80®  C 
with  a  gram  at  0®,  we  get,  as  we  should  expect,  two  grams  at 
40°.  But  if  we  mix  a  gram  of  water  at  80®  with  a  gram  of  ice 
at  0°,  we  get  two  grams  of  water  as  before,  but  the  temperature 
is  0®  instead  of  40°.  The  heat  whicli  in  the  fii'st  case  raised  the 
temperature  of  the  water  has  in  the  second  case  been  needed 
merely  to  melt  the  ice.  The  calculation  of  the  latent  heat  is 
made  in  the  following  way : 

One  gmm  of  water  falling  through  80  degrees  of  tempera- 
ture will  give  out  1  X  80,  or  80  calories.  This  quantity  of  heat  is 
required  to  change  one  gram  of  ice  at  0®  into  water  at  0®. 
Therefore  the  latent  heat  of  fusion  of  ice  Is  80 ;  in  other  words, 
the  heat  which  will  just  melt  a  quantity  of  ice  will  raise  80  times 
as  much  water  one  degree  C. 

By  a  somewhat  similar  method  it  is  found  that  the  latent 
heat  of  vaporization  of  water  at  atmospheric  pressure  is  636.5. 
That  is,  to  evaporate  one  gram  of  water  (already  at  the  boiling 
point)  will  require  as  much  heat  as  would  raise  the  temperature 
of  536.5  grams  one  degree,  or  5.365  grams  from  freezing  to 
boiling  (0°  tol00°C). 

Expressed  in  terms  of  the  Fahrenheit  degree  and  the  British 
thermal  unit,  the  latent  heats  of  fusion  and  vaporization  are  144 
and  966  respectively. 

The  large  values  of  these  quantities  are  of  the  greatest  im- 
portance both  in  nature  and  in  the  arts.  The  great  amount  of  heat 
necessaiy  to  melt  the  ice  of  winter  makes  the  melting  a  slow 
process,  and  lessens  the  danger  of  destructive  floods  in  the  spring. 
In  the  autumn  the  water  in  freezing  gives  out  again  the  heat 
absorbed  in  melting,  and  the  transition  to  winter  is  thus  rendered 
less  abrupt. 

Since  a  pound  of  steam  in  condensing  will  give  out  as  much 
heat  as  53.05  pounds  of  water  cooling  from  100°  C  to  90°  C,  or 
from  90°  to  80°,  it  follows  that  steam  pipes  for  heating  may  be 
made  smaller  than  water  pipes  for  the  same  service.  It  also 
shows  the  value  of  steam  iis  a  carrier  of  heat;  and  in  the  arts 
advantage  of  this  is  taken  in  innumerable  ways.  (See  also  page 
19^. 
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SPECIFIC   HEAT. 

When  equal  quantities  of  different  substances  are  raised 
equally  in  temperature,  different  amounts  of  heat  are  required; 
and  in  cooling  through  equal  temperature  intervals  different  sub- 
stances give  out  different  amounts  of  heat. 

For  example,  if  we  mix  a  pound  of  watei  at  ^0°  C  with  a 
|X)und  at  0°  C,  we  get  two  pounds  at  40° ;  but  if  we  pour  a 
pound  of  lead  shot  at  80°  into  a  pound  of  water  at  0°,  the  result- 
ing temperature  will  be  only  2.3°o  A  pound  of  lead,  therefore, 
falling  through  77.7  degrees  of  temperature,  is  able  to  raise  a 
pound  of  water  only  2.3  degrees.  The  fall  of  temperature  of  the 
hot  body  is  nearly  twice  as  great  as  in  the  first  case,  and  the  heat 
given  out  in  the  fall  only  about  one-seventeenth  as  much.  The 
heat  capacity  of  the  lead  is  therefore  much  less  than  that  of  the 
water. 

If  we  know  how  much  heat  will  raise  the  temperature  of  a 
given  substance  a  certain  amount,  and  how  much  is  required  to 
raise  the  temperature  of  an  equal  quantity  of  water  by  the  same 
amount,  then  the  ratio  of  these  two  quantities  is  called  the  spe- 
cific heat  of  the  substance.  In  other  words,  if  we  take  the 
specific  heat  of  water  as  our  standard  (as  we  practically  do  in 
defining  the  units  of  heat),  the  specific  heat  of  a  substance  is  ex- 
pressed by  the  number  of  heat  units  required  to  raise  the  unit 
quantity  of  the  substance  one  degree  in  temperature. 

One  of  the  simplest  methods  of  determining  specific  heat  is  by 
mixing  the  substance  with  water.  Suppose  that  6  pounds  of  mer- 
cury at  100°C  are  poured  into  2  pounds  of  water  at  0°C,  and 
that  the  resulting  temperature  of  the  "  mixture  "  is  9®.  The  spe- 
cific heat  S  of  the  mercury  can  then  be  found  as  follows : 

In  falling  from  100°  to  9°  the  6  pounds  of  mercury  give  out 
6  X  (100  —  9)  X  S,  or  546  S  heat  units.  These  have  gone  to  heat 
2  pounds  of  water  from  0°  to  9°,  which  requires  2  X  9,  or  18  heat 
units.     Hence  we  may  write 

546  S  =  18 
Therefore  S  =  0.038. 
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EXAHPLE  FOR    PRACTICE. 

Half  a  pound  of  a  metal  at  212°  F  is  dropped  into  one  pound 
of  water  at  68®  F.  The  tempemture  of  the  mixture  is  then 
observed  to  be  7G°  F.     What  is  tlie  specific  heat  of  the  metal  ? 

Ans.  0.117. 

TABLE  OF  SPECIFIC  HEATS. 


Uydrugen,                     8.401)0 

Wrought  iron. 

0.1124 

Alcohol,                        0.602 

Ammonia  (gas),          0.5084 

Copper, 

.0949 

Ice,                                   .5040 

Air,                                   .2375 

Zinc, 

.0935 

Aluminum,                     .2122 

Tin, 

.0662 

Glass.                  .11)3  to  .198 

Mercury, 

.0330 

Cast  iron,                        .1298 

Lead, 

.0314 

Steel,                               .1181 

Witli  the  foregoing  principles  and  the  help  of  suitable  tabl^, 
many  problems  can  be  solved.  For  example,  let  us  find  how  many 
calories  will  be  required  to  convert  10  grams  of  ice  at  — 12°  C 
into  steam  at  100°  C. 

Solution.     Required  to  raise  the  ice  from  —  1 2°  to  0°, 

10  X  12  X  0.r>04  =  60.48  calories. 
Required  to  melt  the  ice, 

10  X  HO  =  800  calories. 


Required  to  raise  the  wat<*r  from  0°  to  100°, 

10  X  100  =  1,000  calories. 
Required  to  vaporize  the  water. 


10  X  530.5  =  5,305  calories. 


Total  number  of  calories  required, 

60.48  +  800  +  1,000  +  5,365  =  7,225.5  (nearly), 
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EXAMPLES  FOR  PRACTICE. 

1.  Wliat  weight  of  water  at  75®  C  will  just  melt  15  pounds 
of  ice  at  0°  ? 

Ans.  16  pounds. 

2.  One  kilogram  of  water  at  40®,  2  kilograms  at  30°,  3  kil<>- 
gi-ams  at  20®,  and  4  kilograms  at  10®  are  mixed.  Find  the  tem- 
perature of  the  mixture. 

Ans.  20®. 

3.  How  many  heat  units  will  be  required  to  melt  5  grams 
of  ice  at  —  20®  C?  How  many  grams  of  water  at  50®  C  would 
doit? 

Ans.  450.4  heat  units  ;  9.01  grams. 

If  we  wish  to  use  Fahrenheit  degrees  and  British  thermal 
units  in  our  calculations,  it  is  necessaiy  to  remember  that  the 
numbers  representing  the  heats  of  fusion  and  of  vaporization  are 
different,  but  that  the  specific  he'.t,  which  is  a  mere  mtio,  is  the 
same  in  both  systems. 

For  example,  let  us  find  how  many  B.  T.  U.  are  required  to 
convert  12  lbs.  of  ice  at  10®  F  mto  steam  at  212°  F. 

Solution.     Required  to  raise  the  ice  from  10®  F  to  32®  F, 

12  X  22  X  0.504  =  133.050  B.  T.  U. 
Required  to  melt  the  ice, 

12  X  144  =  1,728  B.  T.  U. 
Required  to  raise  the  water  from  82°  to  212®, 

12  X  180  =z  2,160  B.  T.  U. 
Required  to  vaporize  the  water, 

12  X  966  z=  11,592  B.  T.  U. 

Total  number  of  B.  T.  U.  requircnl, 
138.056-1-  1,728  +  2,160  +  11,502  =  15()13  (approx.). 
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EXAHPLE  FOR  PRACTICE. 

How  many  B.  T.  U.  are  required  to  convert  10  lbs.  of  ice  at 
15°  F  into  steam  at  21 2°  F  ? 

Ans.  12,985  B.  T.  U. 

For  ordinary  purposes  we  may  proceed  as  above ;  but  as  the 
specific  heat  and  latent  heat  of  water  vary  for  different  tempera- 
tures, we  must,  where  great  accuracy  is  necessary,  employ  a  table 
of  the  properties  of  steam  and  water. 

THE   PROPERTIES  OF   STEAM. 

The  relation  between  the  external  pressure  and  the  Ixnling 
point  of  water  is  a  perfectly  definite  one,  but  cannot  be  exactly 
expressed  by  any  mathematical  e([uation.  In  dealing  with  this 
and  other  properties  of  steam  and  water,  it  is  therefore  customaiy 
to  refer  to  suitable  tables  where  the  values  are  g^ven,  as  deter- 
mined by  experiment.  Such  tables  are  called  steam  tables,  and 
are  much  used  in  engineering  calculations. 

In  the  following  table  are  given  (1)  the  pressure  al)ove  abso- 
lute vacuum,  (2)  the  corresponding  temperature,  (3)  the  amount 
of  heat  in  B.  T.  U.  required  to  raise  a  pound  of  water  from  32°  F 
to  the  given  temperature,  (4)  the  amount  of  heat  in  B.  T.  U. 
required  to  vaporize  a  pound  of  water  at  the  given  temperature ; 
(5)  equals  the  sum  of  (3)  and  (4). 

A  steam  gage  measures  pressures  above  the  atmospheric  pres- 
sure ;  hence,  when  readings  are  taken  from  a  steam  gage,  the  biro- 
metric  pressure  (averaging  14.7  lbs.  per  sq.  in.,  or  in  round  numbers 
15  ll)s.)  must  be  added  to  obtain  the  '*  absolute  "  pressure. 

With  a  steam  table  we  can  extend  considerably  the  range  of 
pix)blems  like  those  on  page  23.  For  example,  let  us  find  how 
many  pounds  of  steam  at  65  lbs.  gage  pressure  will  be  needed  to 
raise  the  tempemture  of  60  pounds  of  water  from  SO*'  F  to  100®  F. 

Solution.  To  raise  one  pound  of  water  from  50°  to  100° 
requires  50  B.  T.  U. ;  and  for  60  pounds  we  need  50  X  60,  or  3,000 
B.  T.  U.  At  65  lbs.  gage  pressure  (80  Ite.  absolute)  the  totiil 
heat  of  one  pound  of  steam  is  1,177  B.  T.  U.,  and  this  amount 
would  all  be  available  if  we  cooled  it  down  to  32°  F.  But  since 
the  cooling  is  not  carried  below  100°  F,  we  cannot  use  100 — 82, 
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TABLE  OF  PROPERTIES  OF  SATURATED  STEAM. 


PreBBure 

",?' 

Be»tof 

Total 
heal" 

VolDIHB 

™., 

„i,%a. 

liquid 

"ES'"' 

Sv 

•vc,',"- 

FiBren- 

a»"" 

heaUa 

w'.t°".t 

*(eel. 

vacuum. 

VMDdU. 

"■''"" 

heatBtiit. 

32". 

1 

101.00 

70  0 

1043,0 

UI3.I 

0,00299 

334  5 

1 

2 

12«27 

91.4 

1020.1 

1120.6 

0U0676 

173,0 

2 

3 

Ul-62 

100  8 

1016.3 

1125,1 

0,00844 

119.6 

3 

4 

153.09 

121.4 

1007.2 

1128.0 

0.01107 

00.31 

4 

5 

lGj.34 

130,7 

1000.8 

1131.5 

0  01300 

73  21 

5 

a 

170.  U 

138.0 

096.2 

1133  8 

0  01622 

01  07 

0 

7 

176.60 

146.4 

990,6 

1135  9 

0  01874 

63.37 

7 

182.0-J 

151.6 

086,3 

1137,7 

0.02126 

47,08 

8 

188.33 

150.S 

982.5 

1 130.4 

0.02374 

42  12 

9 

10 

IH3.25 

lOl.O 

979.0 

1140.9 

0,02621 

38,16 

10 

14  7 

212.00 

1809 

9fi6.7 

1146.8 

0  03704 

20.30 

14,7 

16 

;!13.U3 

181.8 

905.1 

1 146.9 

0,03820 

20.14 

16 

20 

227.  H6 

198  9 

9.54.0 

1IS1.5 

0.06023 

19,91 

20 

S5 

240  04 

209.1 

910.0 

1155,1 

O.OfllOO 

18.13 

26 

30 

260.27 

219.4 

938.11 

1168  3 

0.07.160 

13,59 

30 

85 

369.19 

228.4 

93a.  6 

not  0 

0  08508 

11,75 

35 

40 

267.13 

aso.4 

927.0 

110.S4 

0  09044 

10.37 

40 

46 

274.29 

243.0 

922,0 

1165  0 

0,1077 

9  287 

46 

GO 

280.86 

250.3 

0IT.4 

1107.0 

0  1188 

8414 

60 

56 

380.80 

260.3 

013,1 

1109.4 

0.1299 

7,690 

55 

60 

202.61 

201,0 

909.3 

1171.3 

0  1409 

7,0117 

60 

«G 

297.77 

267,2 

905.6 

1172.7 

0,1619 

0  583 

65 

70 

802.71 

272.3 

002,1 

1174.3 

0,1628 

6,143 

70 

76 

307.38 

270.0 

898.8 

1175  7 

0.1730 

5,702 

75 

80 

611.80 

281.4 

895.0 

I17T.0 

0,1843 

6  420 

80 

85 

310.03 

286.  B 

692,5 

1178  3 

0,1061 

5  126 

85 

SO 

320.01 

290.0 

1179" 

0  2058 

4.850 

90 

06 

323.89 

2IM.0 

6811,7 

1180,7 

O.2106 

4.019 

05 

100 

327.58 

2W.9 

es4.o 

1181.0 

0-2371 

4.4(1.1 

100 

106 

331.13 

3UI.0 

881.3 

1182.0 

0.2378 

4.205 

105 

no 

3.14.60 

315.2 

878  8 

11840 

0.248t 

4.026 

110 

116 

337.80 

308.7 

870,3 

1185.0 

(1  2.^*0 

g8«2 

115 

1^0 

341.0.5 

312.0 

874.0 

1180.0 

0,2005 

3711 

120 

li6 

:H4.]3 

315  2 

871.7 

llSilO 

0,280(1 

3  571 

125 

130 

3t7.12 

318.4 

8119.4 

1187  8 

0  2904 

3.444 

130 

140 

352.8.-. 

:i24.4 

805.1 

1180.5 

0,3113 

3  212 

140 

ISO 

3.'i8.2rt 

:!30.o 

801,2 

11912 

o.;«2i 

3.011 

160 

ISO 

38:1.40 

835.4 

B57.4 

1102  8 

o.:)5:)o 

2  8*! 

100 

308.2(1 

340.6 

f6.3-8 

1104.3 

0  .1737 

2-676 

170 

180 

372.07 

315.4 

B.-.0,3 

1106.7 

0  3915 

2  536 

180 

IBU 

377.44 

350.1 

847-0 

1107.1 

0  4153 

2.408 

100 

200 

381.73 

364.0 

813  8 

1198.4 

0  4360 

2  201 

2(:0 

aafi 

391.79 

311.5.1 

83<1.3 

1201.4 

0  4876 

2  051 

225 

260 

400  99 

374.7 

820,5 

1204,2 

0  5393 

1.854 

250 

276 

400.50 

884.0 

823,2 

l:i06.8 

0.6913 

1  001 

275 

300 

417.42 

301.9 

817.4 

12'>0  3 

0  644 

1  5r,3 

300 

325 

424.82 

399.0 

hi  1,9 

1211.6 

0  090 

1,437 

326 

360 

431.90 

400.9 

800,8 

1213.7 

0,748 

1337 

350 

376 

43B.40 

414.2 

801.6 

1215,7 

0.800 

1  2.50 

376 

400 

446.16 

4214 

700.3 

1217  7 

0.8,-^1 

1.172 

400 

fiOO 

400.67 

444.3 

779.9 

12212 

1.005 

.930 

600 
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or  68  li.  T.  U.,  and  the  amount  available  is  therefore  1,177  —  68 
=  1,101)  B.  T.  U. 

The  quiuitity  of  steam  therefore  neetied  is 

h^  =  2.705  +  pounds. 
1,109       ^^ 

Ans.  2.705  +  pounds. 

The  small  quantity  of  steam  in  this  example  well  illustrates 
the  great  heating  power  of  steam. 

EXAMPLES   FOR  PRACTICE. 

1.  How  many  pounds  of  steam  at  100  ll)s.  al)solute  pressure 
will  raise  250  pounds  of  water  from  50°  F  to  150°  F  ? 

Ans.  23.5  |x>unds. 

2.  How  many  pounds  of  steam  at  35  poun<1s  gage  pressure 
will  just  melt  1,000  pounds  of  snow  at  32®  F? 

Ans.  123.3  pounds. 

It  will  be  seen  that  the  values  of  the  total  heat  column  in  the 
table  increase  but  slowly,  while  the  pressure  and  temperature 
increase  rapidly.  A  pound  of  high-pressure  steam  thus  contains 
but  little  more  heat  than  a  pound  of  low-pressure  steam,  and  con- 
seciucntly  requires  but  little  more  fuel  to  produce  it.  Since  high- 
pressure  steam  is  more  effective  in  steam  engines,  there  is  therefore 
a  decided  thermodynamic  advantage  in  using  steam  of  the  highest 
practicable  pressure. 

Superheated  Steam.  From  the  table  we  see  that  there  is  a 
perfectly  definite  temperature  for  steam  at  any  given  pressure. 
Steam  or  other  vapors  in  this  condition  are  said  to  be  saturated* 
for  if  the  temperature  is  lowered  some  of  the  vapor  will  condense 
immediately  into  liquid.  If,  however,  we  pa«8  steam  through  a 
separately  heated  pipe  or  chamber  it  is  eiisily  possible  to  raise  its 
temperature  by  any  desired  amount  above  the  given  values. 
Steam  in  this  condition  is  called  superheated.  For  steam  engines 
it  has  ceitain  advantiiges  over  satumted  steam,  which  are  discussed 
in  the  Instruction  Papei"s  on  the  Steam  Engine. 
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TRANSFER  OF   HEAT. 

Heat  may  be  transferred  from  one  body  to  another  by  con- 
duction, convection  or  radiation. 

Conduction.  When  one  end  of  a  metal  bar  is  heated  in  the 
fire  the  other  end  gradually  becomes  warmer.  The  heated  mole- 
cules communicate  their  motion  to  their  immediate  neighbors ;  and 
the  heat  thus  travels  along  the  bar,  and  may  be  removed  by  a 
cold  body  at  the  distant  end.  This  process  is  called  conduction. 
In  this  way  the  heat  of  a  boiler  furnace  is  communicated  to  the 
water  in  the  boiler. 

A  brass  pin  held  in  a  gas  flame  will  burn  the  fingers  ahnost  in- 


Fig.  6. 

stantly,  while  a  bit  of  glass  may  be  melted  at  one  end  before  the 
other  becomes  hot,  and  a  match  may  Ije  burned  to  the  finger-tips 
without  discomfort.  It  is  thus  clear  that  substances  differ  greatly 
in  conductivity.  There  are  great  differences  even  among  metals; 
a  copper  rod  will  conduct  heat  much  more  rapidly  than  an  iron 

rod. 

If  a  piece  of  wire  gauze  is  held  over  an  unlighted  gixs  jet,  the 
gas  may  be  lighted  on  either  side  (Fig.  6),  but  tlie  flame  will  not 
pass  through  the  meshes.  The  wires  conduct  the  heat  away  so 
rapidly  that  the  gas  on  the  other  side  does  not  get  hot  enough  to 
ignite.      This  is    the    principle  of  the  safety  Lunj),  us<*d   in  coal 
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mines  where  inflammable  gases  collect.  The  lamp  flame  is  sur- 
rounded by  a  wire  gauze,  and  thus  kept  from  igniting  the  dan- 
gerous gases  outside. 

The  following  table  gives  the  relative  conductivity  of  several 
substances.  The  table  well  shows  the  g^at  value  of  a  layer  of 
snow  as  a  protective  blanket  on  the  earth : 

RELATIVE  THERHAL  CONDUCTIVITIES. 


Silver, 

100 

Lead, 

7 

Copper, 

66    to    74 

Marble, 

0.0074 

Brass, 

18    to    23 

Ice, 

0.0052 

IroD, 

15 

Snow, 

0.00046 

Convection.  Excepting  mercury,  liquids  and  gases  are  poor 
conductoi-s  of  heat ;  but  when  such  bodies  are  heated  from  below, 
the  heated  portion  expands  and  rises  through  the  mass,  and  is 
replaced  below  by  a  colder  portion,  which  is  heated  and  rises  in  its 
turn.  In  this  way  what  are  called  convection  currents  arise,  and 
the  heat  is  distributed  throughout  the  fluid  by  actual  motion 
within  the  mass  itself.  The  heating  of  houses  by  hot  water  is  an 
application  of  this  principle. 

Convection  also  takes  place  in  gases  ;  the  winds  of  the  atmos- 
phere illustrate  it  on  a  large  scale. 

Radiation.  We  have  seen  that  the  molecules  of  a  hot  body 
are  in  very  rapid  vibration.  Some  of  the  energy  of  this  vibration 
is  communicated  in  the  form  of  waves  to  the  space  surrounding 
the  body.  If  the  motion  happens  to  lie  within  certain  limits,  the 
waves  affect  our  eyes  and  we  call  them  light- waves.  But  all  such 
waves,  visible  or  otherwise,  represent  energy  which  is  sent  out  by 
the  hot  body.  When  they  fall  upon  any  other  body,  they  are 
either  reflected  or  absorbed  and  transformed  into  heat.  Polished 
silver  reflects  over  90  per  cent  of  the  waves  falling  on  it ;  charcoal 
absorbs  nearly  all,  and  hence  rises  in  temperature  when  exposed 
to  the  radiations  of  a  hot  l)ody. 

Energy  in  this  form  is  called  radiant  energy.  By  it  the  heat 
of  the  sun  is  transmitted  to  the  earth.  Since  it  is  in  the  form  of 
ether-waves,  many  of  the  experiments  ordinarily  performed  with 
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light-w^ives  may  be  repeated  with  the  radiations  from  a  hot  body, 
whether  visible  or  not.  The  common  burning-glass  shows  the 
result  of  bringing  such  rays  to  a  focus  by  refraction.  If  a  pair  of 
concave  mirrors  l)e  set  facing  each  other,  aa  shown  in  Fig.  7,  and 
a  source  of  heat  be  placed  in  the  focus  of  one,  a  thermometer  in 
the  focus  of  the  other  will  quickly  show  a  rise  in  temperature 
though  the  mirrors  are  many  feet  apart. 

It  does  not  follow,  however,  that  bodies  transparent  to  light 
are  equally  transparent  to  other  radiations.  Glass,  for  example,  is 
quite  opaque  to  the  invisible  radiations  that  are  most  effective  in 
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Fig.  7. 

producing  heat.  Also,  a  solution  of  alum  in  water  will  cut  oft 
most  of  these  radiations,  while  allowing  the  light-waves  to  pa^s 
freely  ;  and  a  glass  tank  of  alum  water  is  often  used  in  stereopti- 
cons  to  keep  the  heat  of  the  lamp  from  the  rest  of  the  apparatus. 
It  is  im|>ortant  to  note  that  though  the  radiation  from  a  hoi 
body  is  often  called  radiant  heat,  yet  in  the  process  of  transmission 
it  is  not  heat  at  all,  but  a  wave  motion  in  the  ether,  which  is 
energy  of  a  very  different  kind.  A  somewhat  analogous  case  is 
present  in  the  incandescent  lamp;  the  heat  which  appears  at  tlie 
lamp  does  not  come  along  the  wires  as  heat,  but  as  electrical 
energy,  which  is  altogetlier  different.  It  is  indeed  transformed 
into  heat  in  the  lamp,  but  is  nut  itself  heat.     In  like  manner. 
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radiant  energy  is  transformed  into  heat  only  by  falling  on  some 
body  which  absorbs  it.  It  is  thus  possible  to  make  a  good  burn- 
ing-glass by  shaping  a  piece  of  clear  ice  into  the  form  of  a  lens, 
a  thing  which  would  clearly  be  impossible  if  the  energy  passing 
through  the  ice  lens  were  in  the  form  of  heat. 

THERnODYNAHICS. 

This  is  the  science  wliich  deals  with  the  relations  between 
heat  and  mech;inical  enei^y.  It  rests  on  two  fundamental  propo- 
sitions called  the  first  and  second  laws  of  thermodynamics. 

The   first  law    states  that  when   heat  is  transformed   into 


F!g.   8. 

mechanical  energy,  or  tlie  revei*se,  the  quantity  of  heat  is  always 
exactly  equivalent  to  the  quantity  of  mechanical  energy. 

The  production  of  heat  by  friction  is  familiar  to  every  one; 
but  i:  is  not  so  clear  that  there  is  an  exact  etjuivalence  between 
the  energy  lost  by  friction  and  the  heat  produced.  Joule  was  the 
first  to  establish  the  relation  accurately.  The  principle  of  his 
apparatus  is  shown  in  Fig.  8.  The  falling  weights  EE  turned  a 
paddle-wheel  stirrer  inside  the  cylindrical  vessel  G,  which  was  filled 
with  water  and  was  much  like  the  common  ice-cream  freezer. 
The  friction  of  the  stirrer  heated  the  water ;  and  when  the  distance 
wiis  measured  through  which  the  weights  fell,  it  was  possible  to 
calculate  the  relation  l)etween  the  work  done  by  the  falling  weights 
and  the  heat  developed  in  the  water. 
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Later  experiments  on  a  larger  scale  have  given  results  which 
are  more  accurate  than  was  possible  with  this  apparatus.  The 
values  now  accepted  are  the  following : 

427.3  kilogmm meters  of  work  or  energy  are  required  to  raise 
the  temperature  of  one  kilogram  of  water  from  15*^  to  16°  C  at 
sea-level,  in  latitude  45°. 

In  English  units,  778.8  foot-pounds  of  work  are  required  to 
raise  tlie  temperature  of  one  pound  of  water  from  59°  to  60°  Fah- 
renheit at  sea-level,  in  latitude  45°. 

These  values  vary  slightly  for  different  places,  because  the 
weight  of  a  pound  depends  on  the  pull  of  gravity,  and  this  varies 
in  different  places ;  but  for  most  engineering  purposes  779  foot- 
pounds would  be  near  enough. 

This  law  states  in  effect  that  we  cannot  get  energy  for  noth- 
ing. Whenever  we  get  work  from  heat,  a  definite  quantity  of  heat 
disappeai*s;  and  whenever  we  convert  meclianical  energy  into  heat, 
we  must  expend  779  foot-pounds  for  every  British  thermal  unit 

produced. 

The  second  law  of  thermodynamics  asserts  that  heat  cannot  of 

itself  pass  from  a  cold  to  a  hot  body.  Since  a  hot  body  in  cooling 
gives  out  heat  which,  in  part  at  least,  may  be  converted  into  work, 
it  might  seem  that  by  cooling  it  indefinitely  we  could  get  an  infi- 
nite amount  of  work  from  it.  But  the  second  law  declares  that 
tlie  process  stops  as  soon  as  tlie  hot  body  lias  cooled  to  the  tem- 
{)erature  of  its  surroundings;  and  if  we  wish  to  cool  it  further  we 
mast  expend  energy  in  so  doing.  It  follows  from  this  that  no 
heat  engine  can  convert  into  work  all  the  heat  which  it  receives. 
As  soon  as  the  steam  (or  other  working  fluid)  has  fallen  to  the 
temperature  of  the  exhaust,  the  remaining  heat  in  it  is  no  longer 
available  for  doing  useful  work.     If  the  heat  is  supplied  at  the 

absolute  temperature  T^  and  the  exhaust  is  at  the  temperature  Tg, 

'f  'p 

the  efficiency  of  the  engine  cannot  be  greater  than     ^     — \  no 

Ii 
matter  what  is  used  as  the  working  fluid  of  the  engine. 

THERnODYNAHICS  OF   PERFECT  GASES. 

The  subject  of  thermodynamics  cannot  be  fully  treated  by 
elementary  methods  of  analysis  ;  in  the  following  brief  discussion, 
however,  no  advanced  methods  are  used. 
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The  thermodynamics  of  steam  will  be  more  readily  under- 
stood by  fii*st  taking  up  the  simpler  case  of  a  perfect  gas.  Air, 
oxygen,  nitrogen,  hydrogen  and  some  others,  behave  very  nearly 
as  perfect  gases ;  others,  as  ammonia,  carbon  dioxide  and  sulphur 
dioxide,  do  not. 

Boyle's  Law.  The  product  of  the  pressure  P  and  the  volume 
V  of  a  perfect  gas  is  constant  if  the  temperature  is  constant ;  that 
is,  If  at  a  pressure  P^  a  body  of  gas  has  the  volume  Vj,  and  at 
some  other  pressure  P2  has  the  volume  Vg,  then 

PjVi  =  P2V2  =  constant. 

Example,  If  12  cubic  feet  of  air  at  135  pounds  absolute 
pressure  expand  to  27  cubic  feet  at  the  same  temperature,  wliat 
will  be  the  pressure?     What  pressure  would  a  gage  indicate? 

Solution.  ^186^185  =  1^27^87 

136xl2=P27X27 

Therefore  P  27  =  60  pounds,  absolute. 

Gage  pressure  =  absolute  pressure  —  atmospheric  pressure. 

I^gage  =60  —  14.7  =  45.3  pounds.     Ans. 

EXAMPLE  FOR  PRACTICE. 

Ten  cubic  feet  of  air  at  2.3  lbs.  gage  are  compressed  until  the 
gage  pressure  is  7.3  lbs.     Find  the  volume. 

Ans.  7.727  cub.  ft. 

Since  one  pound  of  air  at  32°  F  occupies  12.387  cubic  feet, 
we  may  calculate  the  product  I^ V  of  a  pound  of  air  as  follows : 

V  =  12.387 

P  =  14.7  X  144  =  2,117  (nearly). 

Hence    PV  =  2,117  X  1:2387  =  26,223. 

Law  of  Boyle  and  Charles.  For  a  perfect  gas  the  product 
PV  is  proportional  to  the  absolute  temperature  T.     In  the  form 

PV 

of  an  equation,  this  becomes  -rrr  =  constant,  or  P V=  constant  X  T. 
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This  is  usually  written  P  V  r=  RT.  For  air  we  may  easily  calcu- 
late R  as  follows :  We  have  just  seen  that  at  32°  F,  PV  =  26,223, 
and  T  =  32  -j-  461,  or  493®  absolute  temperature.     Therefoj*e, 

?^:^  =  R  =  53.2. 
493 

Example.     What  volume  will  be  occupied  by  a  pound  of  air 
at  50°  F  and  40  pounds  pressure  (absolute)  per  sq.  in.  ? 
Solution.      P  =  40  X  144  =  5,760  lbs.  per  sq.  ft. 

T  =  50  +  461  =  511°  absolute  temperature. 

Therefore  5,760  X  V  =  53.2  X  511. 

^^      53.2  X  511 
^  —       5,760 

V  =  4.72  cub.  ft.  (nearly). 

Example.  A  quantity  of  air  at  75  lbs.  gage  pressure  and  60° 
F  is  heated  to  90°  F.     What  is  the  pressure  ? 

Solution.  Since  the  volume  is  unaltered,  the  pressure  is  pro- 
portional to  the  absolute  temperature.     We  have 

60°  F  =  60  +  461  =  521°  almolute. 

90°  F  =  90  +  461  =  551°  absolute 

Therefore  Pj :  P2  : :  Tj  :  To. 


'"I"' 


T 

P      —         2   y     p 
A  2  —   TFT    -^    ^  !• 

551 

P2  =  g^  X  (75  +  14.7)  =  94.86  lbs.      Ans. 

eXAHPLES  FOR  PRACTICE. 

1.     What  is  the  weight  of  6  cubic  feet  of  air  at  60°  F  and 

25  pounds  absolute  pressure  per  square  inch  ? 

Ans.    .18  lbs. 

SuooKBTTON.     First  find  the   volume  of  one  pound  under  the  given 
conditioni. 
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2.  A  reservoir  containing  4  cubic  feet  of  air  at  a  tempera- 
ture of  40°  F  and  a  pressure  of  100  pounds  per  square  inch  abs., 
is  heated  to  80°  F.  What  will  the  pressure  be,  and  how  much 
does  the  air  weigh  ? 


Ans.  1  107.98+lb8. 
}      2.164-lb8. 


^j 


Fig.  0. 


16  +  lb8. 

Isothermal  and  Adiabatic  Expansion.     Wlien  a  gas  expands 

and  does  work,  as  by  pushing  a  piston 
in  a  cylinder,  we  see  from  the  firat  law 
of  thermodynamics  that  the  equivalent 
in  the  form  of  heat  must  be  supplied 
from  somewhere.  If  the  temperature  of 
tlie  gas  is  to  be  kept  constant,  heat  must 
be  supplied  to  it  from  the  outside,  in 
exact  equivalent  to  the  work  done.  In 
such  cases  the  expansion  is  said  to  I)e 
isothermal,  and  the  relation  between 
pressure  and  volume  is  as  shown  by 
ythe  dotted  curve  I  of  Fig.  9.  This 
curve  is  an  equilateral  hyperlx)la.  But 
if  no  heat  be  allowed  to  enter  the  gas, 
as  would  be  the  Ciise  if  the  cylinder  and  piston  were  perfect 
non-conductors  of  heat,  the  work  done  in  expansion  will  be  at  the 
expense  of  the  heat  energy  in  the  gas  itself,  and  its  temperature 
will  therefore  fall  during  the  expansion.  We  have  seen  that  the 
pressure  is  less  as  the  tempeniture  falls,  other  things  being  equal ; 
hence  under  the  conditions  the  pressure  p 
will  fall  faster  than  if  the  tempemture 
were  kept  up  by  the  addition  of  heat  from 
outside.  This  is  shown  by  the  cui-ve  A 
of  Fig.  9.  Curves  of  this  kind,  represent- 
ing expansion  or  compression  without 
communication  of  heat  to  or  from  the  gas, 
are  called  adialuitics.  It  is  evident  that 
adiabatic  expansion  along  A  from  ts  ^<>  ^lO  C 
is  accompanied  by  a  greater  fall  of  pressure 
than  isothermal  expansion  along  I. 

Both  isothermal  and  adiabatic  curves  are  of  great  importance 


Jba 

Fig.  10. 
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in  thennodynamic  studies,  but  they  repi'eseiit  conditions  that  am 
only  imperfectly  realized  in  practice.  The  general  expi-ession  for 
an  adiabatic  curve  is  PV"  =  constant.  For  air,  n  =:  1.405, 
Most  problems  involving  adiabatic  and  isothermal  cur.'.s  cannot 
be  solved  without  the  aid  of  biglier  mathematical  processes  than 
are  used  in  this  Paper. 

Woric  Doae  In  Expansion,     Suppose  we  have  a  pitston  whose 


~P 


Fig.  XI. 

area  is  A  square  inches,  wliich  is  acted  upon  by  a  pressure  of  j> 
pounds  per  square  inch,  and  which  moves  through  -a  distLince  of 
m  feet  in  consequence.  Then  the  total  pressure  is^A  pounds, 
and  the  work  done  is  ji^A  X  "»  foot-pounds.  But  A  X  '«  is  the 
volume  of  the  cylinder  swept  out  by  the  piston  in  its  stroke  ;  and 
culling  this  V,  we  have : 


Work  done  :=  pressure  X  ' 


=  rv. 


This  can  be  conveniently  shown  on  the  pressme-volume  dia- 
gram. Suppose  B  (Fig.  10)  represents  the  pressure  and  volume 
of  a  gas,  which  then  expands  a  little  to  the  ct'.idition  A.  Then 
the  average  pressure  during  the  expimsion  will  be  J  (BA  4"  A«), 
and  the  work  done  will  be  |  (BJ  4"  J^")  X  «6  =  the  area  BA«4. 
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Sipce  we  may  regard  the  whole  change  from  C  to  A  as  made 
up  of  portions  like  that  from  B  to  A,  it  follows  tha£  in  changing 
from  C  to  A  along  the  path  CBA  the  expanding  gas  will  do  the 
work  represented  by  the  area  CAa<?. 

The  Camot  Cycle*  This  principle  can  be  applied  to  the 
operation  of  heat  engines.  Let  the  working  substance  of  a  heat 
engine  be  a  gas  A,  enclosed  in  a  cylinder  (Fig.  11)  with  non- 
conducting walls  and  piston  and  a  perfectly  conducting  bottom. 
Let  B  be  a  hot  body  kept  at  the  temperature  f,  and  D  a  cold  one 
kept  at  the  temperature  t ' ;  and  let  C  be  a  nonconducting  stand, 
p  Then  we  mjiy  imagine  the  gtw 

to  undergo  the  following  cycle 
of  operations  : 

1.  Set  the  cylinder  on  the 
stand  C,  with  the  gas  at  the 
temperature  t',  and  compress 
the  gas  adiabatically  until  its 
temperature  rises  to  t.  On  the 
y/  pressure-volume  diagram  (Fig. 
12),  this  stage  will  be  repre* 
sented  by  the  line  EF,  starting 
at  E.  The  work  done  in  compressing  will  be  represented  by  the 
area  EFfe. 

2.  Transfer  the  cylinder  to  the  hot  body  B  (Fig.  11),  and 
allow  tlie  piston  to  rise  by  the  expansion  of  the  compressed  gas. 
To  maintain  the  temperature  t  during  expansion,  a  certain  quan- 
tity Q  of  lieat  must  be  supplied  from  B.  This  stage  will  be  rep- 
resented by  the  isothermal  line  FG  (Fig.  12),  and  the  work  done 
by  the  expanding  gas  by  the  area  FG^f. 

3.  Set  the  cylinder  on  the  stand  C  (Fig.  11),  and  allow  the 
gas  to  expand  still  further,  until  it  cools  to  the  temperature  t'. 
This  change  is  shown  by  the  adiabatic  line  GH  (Fig.  12),  and  the 
work  done  in  the  expansion  by  the  area  GHA//. 

4.  Phice  the  cylinder  on  D  and  push  tlie  piston  down  to  its 
first  position.  The  heat  Q '  developed  by  the  compression  will  be 
removed  by  the  cold  body  D,  and  the  temperature  of  the  gas  will 
remain  unchanged.  The  change  is  shown  by  the  isothermal  line 
HE  (Fig.  12),  and  the  work  done  on  the  gas  by  the  area  HEeh, 
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The  gas  has  now  reached  its  initial  condition.  It  has  done  an 
amount  of  work  represented  by  the  area  FGHA/,  and  has  had  done 
on  it  the  work  represented  by  HEFfA.  The  difference  EFGH  is 
the  net  work  done  in  the  cycle ;  and  to  do  it,  it  has  been  necessary 
to  take  a  quantity  of  heat  Q  from  the  hot  body,  and  to  discharge  a 
quantity  Q  '  into  the  cold  body.     Tlie  efficiency  of  the  operation  is 


Heat  utUized  _  Q  —  Q  ' 


Heat  received 


Q 


The  above  cycle  of  operations  is  called  the  Camot  cycle, 
because  Camot  first  applied  it  as  a  metliod  of  reasoning.  The 
efficiency  of  a  steam  engine  working  on  the  above  cycle  can  be 
»hown  as  follows : 


Fig.  13. 

Instead  of  drawing  a  pressure-volume  diagram  whose  vertical 
distances  are  pressures  and  whose  areas  represent  work,  let  us  draw 
one  whose  vertical  distances  are  temperatures  and  wliose  areas  repre- 
sent the  quantities  of  heat  added  during  any  change  in  the  working 
fluid.  A  diagram  of  this  kind  is  called  a  temperature-entropy  dia- 
gram. Stiirting  with  a  pound  of  water  at  T^  (Fig.  13),  let  us  con- 
vert it  completely  into  steam  at  that  temperature.  This  will  be 
represented  in  our  diagram  by  the  line  jt^A",  and  the  heat  added  to 
produce  the  change  will  be  shown  by  the  areius  C  -|-  I).  Then  let 
the  steam  expand  adiabatically  until  it  reaches  the  temperature  Tj. 
This  is  represented  by  the  line  km^  which  is  vertical  and  repre- 
Bento  no  additional  area,  because  no  heat  is  added  to  or  withdrawn 
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from  the  steam  from  outside.  Suppose,  during  the  return  stroke  of 
the  piston,  the  steam  is  cooled  within  the  cylinder  itself,  until  it 
arrives  at  the  point  8.  In  this  operation  we  shall  reject  from  the 
cylinder  a  quantity  of  heat  represented  by  the  area  D.  Finally,  let 
us  compress  adiabatically  the  mixture  of  steam  and  water  in  the 
cylinder  until  we  have  once  more  a  pound  of  water  at  the  higher 
temperature  T^.  This  gives  the  line  «p,  ending  where  the  cycle 
began. 

We  have  thus  supplied  during  the  cycle  the  heat  repi-esented 
by  the  areas  C  +  D,  and  the  heat  rejected  is  represented  by  D. 

C 

Therefore  the  efficiency  is  -^^ — ,  and  from  the  diagram  it  will 

O  —p  D 


be  seen  that  this  is  equal  to 


T,-T, 


T,    • 

In  the  actual  engine  the  last  step  is  very  imperfectly  per- 
formed,  because  only  a  small  amount  of  steam  remaining  in  the 
cylinder  is  compressed ;  the  remainder,  exhausted  from  the  cylin- 
der at  tlie  lower  temperature  Tj,  must  be  heated  to  the  tempera- 
ture Ti  by  heat  from  the  boiler,  or  replaced  by  an  equal  amount 
thus  heated. 

We  thus  have  the  important  conclusion  that  the  efficiency  of 
a  steam  engine  depends  entirely  on  the  i-atio  of  the  temperatures 
between  which  it  operates ;  it  follows  that  the  efficiency  is  always 
small.  For  example,  suppose  an  engine  takes  steam  at  300*^  F 
4Uid  exhausts  at  212°  F.     Its  efficiency  cannot  be  greater  than 

^'"'  +  'l^~g!'-^'''^  =  11-3  1-r  cent. 
(300  +  461)  ^ 

EXAMPLE  FOR  PRACTICE. 

Using  the  steam  table  on  page  25,  find  the  maximum  possible 
efficiency  of  an  engine  taking  steam  at  150  lbs.  absolute  pressure 
and  exhausting  at  5  lbs.  absolute  pressure. 

Ans.  23.9  per  cent 

THB  STEAM   ENQINa 

Without  entering  into  a  delailed  description  of  the  mechan- 
ism, it  will  be  sufficient  here  to  say  that  in  the  steam  engine,  steam 
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is  admitted  under  pressure  from  a  boiler  into  n  metal  cylinder 
behind  a  piston,  an  represented  in  Fig.  14.  Its  pressure  drives 
the  piston  forward,  doing  useful  work.  When  the  piston  has 
moved  through  a  part  of  its  stroke  the  steam  supply  is  cut  off, 
and  the  stroke  is  completed  by  the  expansion  of  tlie  steam  con- 
fined in  the  cylinder.  By  the 
first  law  of  thermodynamics  this 
expansion  cools  the  steam,  since 
work  is  done  in  the  process ;  but 
the  expansion  is  not  adiabatic, 
since  the  cylinder  and  piston 
give  up  some  heat  to  the  steitm 
within.  At  the  end  of  the  stroke 
the  exhaust  valve  opens  and  the 
cooled  steam  escapes  into  the 
atmosphere  ot  condenser  through 
the  exhaust  pipe  A.  The  oper- 
ation is  then  repeated  on  the 
other  side  of  the  piston. 

Tlie  pressure-volume  dia- 
gram in  Fig.  13  shows  the  pro-  ■ 
cess  graphically,  and  can  be  ' 
instructively  compared  with  the 
tem  pe rat u  re-en ti-opy  diagram  of 
the  same  figure.  For  purposes 
of  analysis  it  is  immaterial  wliether  we  consider  tlie  steam  to  be 
supplied  from  outside,  or  whether  we  consider  the  whult-  operation 
of  heating  to  take  place  inside  the  cylinder.  The  line  pft, 
representing  the  c<tnveraion  of  water  into  steam  iil  constant 
pi-easiire,  will  appear  on  the  pi-essure-volume  diagram  as  the 
"admission-line"  ab.  The  adiabatic  line  km  is  shown  by  the 
falling  "expansion-line"  In,  which  shows  tlie  ivliition  lietween 
pressure  and  volume  after  the  steam  is  cut  off.  The  line  tiie 
becomes  the  "exhaust-line"  '■'/  on  our  new  diagram,  repi-esentJng 
the  steam  pressure  while  the  steam  is  lieing  pushed  out  of  the 
cylinder.  Near  the  eml  of  the  return  stroke  of  the  jiiston,  the 
(■xhjtnst  valve  closes  and  the  steam  remaining  in  tlu-  lyliinh'r  is 
cimipressecl  by  the  pistun.      This    [iroccss,    nearly    udtabiitic,  is 
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shown  by  the  line  da^  corresponding  to  the  line  sp  on  the  other 
diagram. 

A  pressure-volume  diagram  like  the  above  is  called  an  indi- 
cAtor  card.  It  is  very  valuable  in  determining  the  power  and 
performance  of  engines. 

Compound  Ens^ines.  Since  the  efficiency  of  a  heat  engine 
is  evidently  much  improved  by  extending  the  range  of  tempera- 
tiire  through  which  it  works,  and  since  we  have  also  seen  that  it 
takes  but  little  more  fuel  to  produce  a  pound  of  high-pressure 
steam  than  a  pound  of  low-pressure  steam,  it  should  now  be  clear 
that  it  is  economical  of  fuel  to  use  the  highest  pressures  practica- 
ble, and  to  expand  the  steam  as  much  as  possible.  But  for  cer- 
tain reasons,  discussed  fully  in  the  Instruction  Papers  on  the 
Steam  Engine,  it  is  advisable  to  divide  the  expansion  among  two, 
three  or  even  four  cylinders,  according  to  the  initial  steam  pres- 
sure. Such  engines  are  called  compound,  triple  or  quadruple- 
expansion,  and  are  usually  worked  with  a  condenser.  In  such 
cases,  while  the  first  or  high-pressure  cylinder  is  intensely  hot,  the 
liwt  or  low-pressure  cylinder  is  scarcely  more  than  uncomfortably 
warm  to  the  hand.  The  difference  represents  the  heat  spent  in 
expansion,  a  part  of  which  has  gone  to  produce  the  useful  work 
done  by  the  engine,  and  a  part  of  which  is  wasted. 

The  Hot-Air  Eng^ine.  There  are  many  foi-ms  of  these 
machines,  but  their  general  principle  varies  little.  A  quantity 
of  air  is  heiited  in  an  iron  chamber  over  a  fire,  and  then  is 
allowed  to  expand  behind  a  piston,  doing  work.  At  the  end  of 
the  stroke  tlie  air  is  transferred,  either  by  a  pump  or  an  auxiliar}' 
piston,  to  a  cold  chamber,  kept  cool  by  air  or  running  water.  On 
the  next  stroke  the  air,  reduced  in  volume  by  its  cooling,  Ls  forced 
by  the  pump  into  the  hot  chamber,  where  it  is  again  heated  and 
the  cycle  repeated. 

Hot-air  engines  are  economi(*al  in  operation,  but  necessarily 
bulky  for  the  amount  of  power  produced.  An  examination  of 
Fig.  13  will  show  why  this  must  l)e  so.  The  heat  which  must  be 
supplied  to  the  cylinder  for  every  stroke  of  the  piston  is  repre- 
sented by  the  areas  C  4*  1^  Ji^>  matter  what  substance  is  used  as 
a  carrier.  But  since  the  heat  capacity  of  air  is  very  small  com- 
pared with  that  of  steam,  the  cylinder  of  the  hot-air  engine  must 
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necessarily  be  much  larger  than  that  of  the  steam  engine  for 
equal  power.  For  this  reason  hot-air  engines  are  used  only  in 
comparatively  small  powers.  The  hot-air  engine  may  indeed  work 
between  wider  temperature  limits,  but  this  is  not  enough  to  offset 
the  difference  between  steam  and  air  as  carriers  of  heat. 

The  Qas  Eni^ine.  In  the  gas  engine,  so  called,  the  energy  is 
derived  from  the  rapid  combustion  or  explosion  of  a  mixture  of 
gas  or  gasoline  vapor  and  air.  In  one  form  of  engine  the  cycle 
of  operations  is  as  follows :  A  forward  stroke  of  the  piston  draws 
into  the  cylinder  a  mixture  of  gas  and  air  in  such  proportions  as 
to  make  an  explosive  mixture.  On  the  return  stroke  the  '*  charge  *' 
is  compressed.  At  or  near  the  end  of  the  stroke,  the  mixture  is 
exploded,  usually  by  a  properly-timed  electric  spark,  and  the  pres- 
sure within  the  cylinder  rises  to  a  high  value.  The  piston  is 
driven  forward  by  the  expansion  of  the  hot  gases,  doing  useful 
work  at  the  expense  of  the  heat-energy  in  them.  At  the  end  of 
the  stroke  the  exhaust  valve  opens,  and  on  the  second  return 
stroke  the  burnt  gases  are  pushed  out  of  the  cylinder. 

The  above  cycle  is  often  called  the  Otto  cycle.  For  engines 
working  in  this  way  there  is  thus  only  one  working  stroke  in  every 
four,  and  they  must  be  provided  with  a  very  heavy  fly  wheel. 
Some  engines  are  arranged  to  have  every  alternate  stroke  a  work- 
ing stroke.  These  are  commonly  called  two-cycle  engines,  and 
are  much  used  in  propelling  boats. 

The  gas  engine  has  the  thermodynamic  advantage  of  working 
between  very  wide  temperature  limits,  but  is  nevertheless  subject 
to  serious  losses.  It  is  not  practicable  to  expand  the  exploded 
charge  down  to  the  atmospheric  pressure  ;  the  gases  are  discharged 
while  still  possessing  much  available  energy.  This  may  be 
noticed  in  the  sharp,  barking  exhaust  from  a  gas  engine  unprovided 
with  a  muffler.  But  the  most  serious  loss  is  in  the  transmission 
of  heat  to  the  cylinder  walls.  This  loss  is  also  present  in  the 
steam  engine,  but  to  a  small  extent  may  be  recovered.  In  the  gas 
engine,  however,  it  is  practically  all  wasted. 

REFRIQERATINQ   flACHINES. 

The  cooling  produced  by  the  evaporation  of  a  volatile  liquid 
has   a    very   important    application    in    refrigerating    machinery. 
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Ammonia  is  generally  used  as  the  working  substance,  because  it  is 
cheap  and  satisfactory. 

Fig.  15  shows  the  essential  parts  of  a  compression  machine. 
The  compressor  A,  kept  cool  by  a  jacket  of  running  water,  di*aws 
ammonia  vapor  through  the  valve  ^,  compresses  it  highly  and 
sends  it  through  the  valve  b  to  the  condenser  B.  This  is  a  coil  of 
pipe,  also  kept  cool  by  running  water ;  and  it  serves  to  condense 
the  ammonia,  which  collects  in  the  bottom  coils.  The  valve  D 
admits  the  liquid  ammonia  to  the  vaporizer  C,  which  is  also  made 
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Fig.  15. 

of  pipe  coils.  In  these  it  viiporizes  and  falls  much  below  the 
freezing  point  of  water.  (It  is  well  here  to  refer  back  to  the  ex- 
periment described  on  page  16.) 

Many  gtuses  can  be  liquefied  and  used  in  this  way ;  ammonia, 
carlx)nic  acid  and  sulphurous  anhydride  (sometimes  called  sul- 
phurous acid)  in  the  liquid  state,  are  regular  articles  of  commerce. 

In  ice  making,  the  vaporizer  coils  are  immersed  in  a  tank  of 
strong  brine.  The  water  to  be  frozen  is  put  into  thin  metal  cans, 
which  are  then  set  into  the  cold  brine,  as  represented  in  the  figui*e. 

In  tliis  way  the  heat  libemti»d  from  the  water  in  freezing  is 
carried  away  by  the  annnonia  vaiMU*,  and  finally  discharged  into 
the  cooling  water  circulating  around  the  compressor  and  con- 
denser. But  since  this  is  at  a  higher  temiM»rature  than  the  source 
of  the  heat,  the  machine  is  not  self-acting.  It  requires  power  to 
opemte  it,  which  is  (expended  in  compressing  tlie  vajwr  in  A. 


50 


HEAT 


Instead  of  drawing  the  vaporized  ammonia  back  into  the 
pump  cylinder,  it  may  he  ahsorbed  by  cold  water,  for  which  it  has 
a  strong  affinity.  Such  a  machine  is  called  an  ahtorption  machine, 
and  Fig.  16  shows  the  principle  of  a  continuously  operating  ab- 
sorption machine.  T\\e  generator  B  contains  a  concentrated  solu- 
tion of  ammonia  in  water,  from  which  tlie  ammonia  is  expelled  by 
heat.  The  condenser  C  is  a  pipe  coil,  kept  cool  by  running  water, 
in  which  the  ammonia  condenses  to  the  liquid  state  as  soon  as  its 
pressure  rises  to  the  necessary  value.     The  regulating  valvu  V 


Fig.  16. 

allows  the  condensed  ammonia  to  escape  to  tlie  refrigerator  I, 
which  corresponds  to  the  vaporizer  C  of  the  compression  appa- 
ratus. The  absorber  A  is  a  tank  of  cold  water  in  which  tlie  gaseous 
ammonia  from  I  is  absorbed.  T)ie  pipes  connecting  A  and  B  are 
arranged  to  take  the  most  coiicentr.ited  solution  from  A  to  B,  anil 
to  return  to  A  the  water  from  wliicli  the  ammonia  hits  l)een 
driven.     Tliis  is  effected  by  the  pump  P. 

In  practice  the  generat<)r  B  is  placed  over  a  furnace,  and  ai-- 
rangements  are  also  made  for  tmnsft;rriiig  heat  from  the  lint 
liquid  flowing  from  B  to  A  into  the  cold  liquid  flowing  from  A 
toB. 

LIQUEFACTION  OP  AIR. 

Tliat  work  done  in  compressing  a  gas  heats  the  gas,  is  a  fact 
familiar  to  eveiy  one  who  uses  a  biL-ycle  puiup.  Similarly,  the 
expansion  of  a  giia  against  atmosplieiic  or  other  prcssni-e  is  accom- 
[nnied  by  as  decided  a  cooling.  This  may  readily  be  obaerved  by 
holding  the  finger  in  the  jet  of  air  escaping  from  a  bicycle  tire 
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valre.     By  snitaUe  applications  of  this  principle,  it  is  possible  to 
produce  tha  meet  intense  cold. 

One  of  tbe  simplest  methods  of  liquefying  air  is  shown  in 
principle  in  Fig,  17.  After  thorough  drying,  the  air  to  be  lique- 
fied enters  through  t)ie  pipe  a,  and  in  the  compressor  C  is  cuni- 
presaed  to  al<out  200  atmospheres  (1  atmosphere  =  14.7  pounds 
per  square  inch).  R  is  a  water  cooler,  to  remove  the  lient  of  coni- 
preesion.     The   air  thus  cooled  and  strongly  compressed  pasnos 
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down  thrimgli  tlie  inner  tube  of  tlie  liellcal  coil  H  to  a  valve 
belo«', 

Tlirough  this  valve  it  escapes  into  the  reservoir  G,  tlie  expin- 
tiion  producing  a  considerable  fall  in  temperature.  The  cold  air 
then  piisses  from  the  reservoir  up  through  the  outside  tube  of  the 
helicid  coil,  which  surrounds  the  tube  down  whicli  the  air  comes, 
thus  cooling  the  compressed  air  in  the  inner  tube.  This  cooled 
air  is  allowed  to  escape  in  its  turn,  becoming  still  colder  by  its 
expansion.  As  the  process  continues  the  temperature  falls  until 
liquid  air  begins  to  collect  in  the  bottom  of  G,  from  which  it  may 
be  drawn  off. 

With  a  S-liorse-power  engine  the  yield  is  about  a  quart  of 
liquid  air  per  hour. 
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Chemistry  is  the  science  which  treats  of  matter  in  its  simplest 
forms,  and  the  combinations  of  these  forms  which  make  up  all 
material  substances. 

All  animal  and  vegetable  matter,  and  the  solid  rock  and 
eartliy  substances  which  make  up  the  earth's  crust,  undergo  their 
changes  according  to  chemical  laws.  The  same  is  true  of  water 
and  all  other  liquids,  and  of  air  and  gases. 

Thus  we  see  that  Chemistry  relates  to  an  enormous  number 
of  substances.  The  number  of  the  various  kinds  of  substances 
which  exist  on  the  earth  is  so  great  that  they  have  never  even 
been  counted.  Probably  there  are  many  substances  in  the  com- 
mon every-day  things  of  life  that  have  not  yet  been  recognized 
by  the  most  skilful  chemists.  However,  many  compounds  have 
been  described,  and  the  chemical  laws  now  known  are  of  great 
value  in  finding  out  the  composition  of  various  substances. 

The  rudiments  of  Chemistry  may  be  traced  ])ack  to  the 
ancient  Egytians.  The  Arabs  and  Greeks  souG^lit  to  change 
metals  into  gold  and  searched  for  a  liquid  which  would  cure  all 
ills  and  confer  the  blessing  of  perpetual  life.  These  experimenters 
were  called  Alchemists. 

During  the  second  period  in  the  history  of  Chemistry,  chem- 
ical changes  were  said  to  be  caused  l)y  a  substance  called  Phlo- 
giston. This  substance  was  thought  to  be  contained  in  all 
combustible  matter,  and  the  theory  that  fire  showed  tlie  escape 
of  phlogiston  was  upheld  by  the  most  learned  chemists  of  the 
time. 

The  phlogiston  theory  was  given  up  when  Lavoisier,  a  French 
chemist,  demonstrated  his  theories  of  combustion  and  chemical 
anion.  On  account  of  his  important  experimeiils  and  discoveries, 
lie  is  called  the  "father  of  Chemistry."  Lavoi/  r  proved  that 
when  combustible  substances  are  burned,  they  combine  with  a  gas 
called  oxygen,  forming  new  substances. 
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The  chemist  can  take  carbon  out  of  sngar,  but  he  cannot 
tiike  anything  but  carbon  out  of  carbon.  He  can  tjike  oxygen 
out  of  sugar,  but  he  cannot  take  anything  but  oxygen  out  of 
oxygen. 

The  science  of  Cheniistrv  sliows  that  all  substances  are  made 
up  of  various  combinations  of  simple  forms  of  matter,  which  can- 
not, by  any  known  means,  l)e  divided  into  other  kinds  of  matter. 
Thus,  sugar  is  a  compound  or  combination  of  simple  forms,  and 
the  simple  forms  carbon,  oxygen,  and  hydrogen  are  called 
elements. 

An  element  may  l>e  defined  as  being  a  form  of  matter  which 
chemiats  have  not  yet  heen  able  to  break  up  into  other  form$  of 
matter. 

Tlie  thousands  of  woixis  in  the  English  hinguage  are  made 
up  of  combinations  of  lettei-s  of  which  there  are  less  than  thirty. 
Tlie  letters  are  the  simple  forms,  or  elements,  and  the  words  are 
the  combinations,  or  substances.  The  millions  of  substances  found 
on  the  earth  are  made  n[)  of  various  combinations  of  about  seventy 
elements.  The  exact  number  of  elements  is  not  known,  and 
new  ones  are  being  discovered  from  time  to  time. 

The  table  on  the  opposite  page  gives  a  partial  list  of  elements, 
their  symbols  or  abbreviations,  tlunr  atomic  weights,  their  physical 
conditions  at  ordinary  temj)erature  and  their  specific  gravities. 

A  large  proportion  of  the  elements  are  uncommon.  Carbon, 
copper,  gold,  iron,  lead,  mercury,  nickel,  phosphorus,  silver, 
suphur,  tin,  zinc,  oxygen  and  nitrogen  are  almost  the  only  ones 
that  are  familiar  to  most  people. 

Almost  all  of  the  elements  exist  in  very  small  quantities. 
It  has  l)een  estimated  that  an  amount  equal  to  ninety-nine  one- 
hundredths  of  the  solid,  licfuid  and  gaseous  matter  of  the  globe  is 
made  up  of  only  thirteen  elements,  the  remaining  GO  (about) 
elements  comprising  only  one  one-hundredth. 

SYMBOLS  OF  ELEMENTS. 

Each  element,  or  strictly  s[)v»aking,  each  minute  quantity  of 
an  element  (called  an  atom)  is  designated  by  a  letter,  or  a  few 
lettei-s,  called  its  symbol.  For  most  elements,  the  symbols  are 
the  initial  lettera  of  the  names,  thus  for  carbon,  we  write  C,  for 
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ELEMENTS. 


Physical 

condition  at 

ordinary 

Names. 

Symbol. 

Atomic 
Weight. 

Specific 
Gravity 

temperature. 

Aluminarn 

Al'^. 

27. 

Solid 

2.60 

AntimoDj 

Sb"i.  ▼• 

120. 

(( 

6.71 

Argon 

A 

20(?) 

Gas 

Arsenic 

Agin,  V. 

75. 

Solid 

5.73 

Bariam 

Ba"- 

137. 

u 

3.75 

Bismuth 

Bini,  ▼. 

208. 

u 

9.80 

Boron 

Bin. 

11. 

tl 

2  5  (?) 

Bromine 

Br'»  ▼• 

80. 

Liquid 

3.187 

Cadmium 

Cd"- 

112. 

Solid 

8.60 

Caesium 

Cs'- 

133. 

(( 

1.88 

Calcium 

Ca"- 

40. 

(( 

1.57 

Carbon 

C'v- 

12. 

(( 

3.5-.6 

Cerium 

Ce'"«  nr. 

141. 

(( 

6.68 

Chlorine 

Cli.  V- 

35.5 

Gas 

2.450 

Chromium 

Criv»vi- 

52. 

Solid 

6.50 

Cobalt 

Co".iv- 

59. 

(< 

8.5-.7 

Copper 

Cu"- 

63.3 

u 

8.95 

Fluorine 

Fi. 

19. 

Gas 

1.313 

Gold 

Au'»  "'• 

196.5 

Solid 

19.32 

Hydrogen 

H'- 

1. 

Gas 

0.069 

Iodine 

ji.  ▼. 

127. 

•  Solid 

4.948 

Iridium 

I|.1I,  IV,  VI. 

193. 

Solid 

22.42 

Iron 

Peii»  ivi  ▼!• 

56. 

<( 

7.86 

Ix*ad 

Pb"»  rv. 

207. 

(( 

11.37 

Magnesium 

jyfgll,  IV,  VI. 

24. 

(( 

1.74 

Manganese 

Mn"- 

55. 

(( 

8.03 

Mercury 

Hgii. 

200. 

Liquid 

13.55 

Nickel 

Ni"»  >▼• 

58. 

Solid 

8.90 

Nitrogen 

j^i".  !▼. 

14. 

Gas 

0.971 

Oxygen 

0". 

16. 

K 

1.105 

Phosphorus 

pi.  Ill,  V, 

31. 

Solid 

/ColorleftB  1  H.TI 
\     Red       2.2II/ 

Platinum 

Pt"»  !▼• 

195. 

{( 

21.50 

Potassium 

K' 

39. 

it 

0.87 

Silicon 

Si'-^ 

28. 

it 

2.39 

Silver 

Ag»- 

108. 

it 

10.53 

Sodium 

Na'- 

23. 

it 

0.978 

Strontium 

Sr"- 

87.5 

a 

2.54 

Sulphur 

gn,  IV,  VI. 

32. 

it 

2.05 

Tin 

Sn"'  >▼• 

118. 

it 

7.29 

Tungsten 

\Y  IV,  VI. 

184. 

it 

19.12 

Uranium 

U'v»  ▼'• 

239.8 

It 

1S.70 

Zinc 

Zn"» 

65. 

n 

7.15 

Nora: 

•iMMBi. 


The  Bi>irti  Domerais  in  the  second  column  denote  the  valence  of  the 
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hydrogen  H,  for  phosphorus  P,  etc.  Some  of  the  elements  have 
symbols  derived  from  their  Latin  or  Greek  names.  Thus  An  is 
the  symbol  for  gold,  because  its  Latin  name  is  aurum ;  similarly 
Pb  signifies  lead,  since  its  Latin  name  is  plumbum.  In  the  table, 
it  will  be  noticed  that  there  are  nine  elements  whose  names  begin 
with  the  letter  C.  To  avoid  confusion,  carbon  has  for  its  symbol, 
C,  and  the  symbols  of  the  other  eight  contain  an  additional  dis- 
tinguishing letter. 

As  we  hav^e  said,  the  symbol  stands  for  one  atom.  If  more 
than  one  atom  of  an  element  is  to  be  indicated,  a  subscript  or 
Bub-exponent  is  used.  A  coefficient  is  also  frequently  used  to 
express  a  numl>er  of  atoms  of  the  same  element.  Thus  2Na  or 
Naj  means  two  atoms  of  sodium ;  and  three  atoms  of  iron  may  be 
indicated  thus,  Fcg  or  3Fe. 

Certain  groups  of  atoms  remain  the  same  in  a  series  of  chem- 
ical compounds.  To  denote  a  number  of  these  characteristic 
groups  a  parentheses  and  sub-exponent  is  used.  The  sub-exponent 
multiplies  all  the  atoms  inside  of  the  parentheses;  thus,  (OH)^ 
means  four  **  hydrate  "  groups,  or  four  atoms  of  oxygen  and  four 
of  hydrogen,  or  O^II^. 

We  may  have  a  molecule  of  a  substance  whose  atoms  are  of 
different  elements.  Suppose  we  wish  to  indicate  a  molecule  of  a 
substance  which  is  made  up  of  one  atom  of  sodium  and  one  atom 
of  chlorine.  An  atom  of  sodium  is  written  Na  and  an  atom  of 
chlorine  is  written  CI.  The  molecule  is  indicated  by  writing  the 
symbols  close  together  as  NaCl.  A  molecule  composed  of  one 
atom  of  silver,  one  of  nitrogen,  and  three  of  oxygen  is  written 
AgNO,. 

In  case  we  desire  to  express  5  molecules  of  a  compound,  each 
molecule  containing  two  atoms  of  liydrogen,  one  atom  of  sulphur 
and  four  atoms  of  oxygen,  we  write  SHgSO^.  This  could  be 
written  5  (HgSO^).  As  in  arithmetic  or  algebra,  the  coefficient 
5  means  that  in  the  5  molecules  of  HjSO^  there  are  5  X  2  =  10 
atoms  of  hydrogen,  5x1  =  5  atoms  of  sulphur,  and  5  X  4  =  20 
atoms  of  oxygen. 

Thus  it  is  seen  that  the  sub-exponent  applies  only  to  the 
element  which  it  follows,  but  a  coefficient  multiplies  all  the 
elements  in   the  compound.     In  this   way  Chemistry  resembles 
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algebra.     AgJiin,  let  us  examine  the  formula,  Cu(N03)2.       The 
sub-exponent   2    applies    to    the    parentheses  an^l    Cu(N03)2  = 
\CuN20g  ;  and  (NH^)2S0^  is  the  same  as  NoHg  SO^. 

EXAMPLES   FOR   PRACTICE, 

1.  Give  names  for  the  following:  Cu,  Fe,  S,  Ni,  O,  Ag,  Sn, 
Al  and  Zn. 

2.  Name  these  ^elements  and  state  the  indicated  number  of 
atoms  of  eacli;  C^,  3Ni,  4Pt,  Sg,  Sn^,  Og  and  2H. 

3.  Write  symbols  for  4  atoms  of  p'lospliorus,  6  atoms  of 
meitjury,  3  atoms  of  iron  and  5  atoms  of  carbon. 

4.  How  many  molecules  in  eiicli  of  the  following,  and  how 
many  atoms  of  each  element?  6HgO,  2CaCl2,  3Ca(P04)2» 
2Fe2(SOj3,  3Bi203. 

ATOniC  WEIGHT. 

When  we  say  that  the  specific  gravity  of  lead  is  11.37,  we 
mean  thjit  lead  Ls  11.37  times  as  heavy  as  water.  In  computing 
specific  gravity  we  find  the  weight  of  a  given  volume  of  the  sub- 
stance, and  the  weight  of  an  equal  volume  of  water.  By  divid- 
ing the  weight  of  the  substance  by  the  weight  of  an  equal  volume 
of  water,  we  get  the  specific  gravity.  In  other  words,  water  is 
used  as  the  standard  or  unit  when  finding  specific  gravity. 

For  gases,  air  is  used  instead  of  water.  That  is,  if  a  gas  has 
a  spilfcifled  gravity  of  1.103,  it  is  1.103  times  as  heavy  as  an  equal 
volume  of  air.  In  the  table  on  page  7  the  specific  gravities  of 
solid  and  liquid  elements  are  referred  to  water  as  the  standard, 
and  the  specific  gravities  of  gaseous  elements  are  referri^'d  to  air 
as  the  unit. 

Suppose  we  could  compire  an  atom  of  oxygen  with  an  atom 
of  hydrogen  ;  we  would  find  that  the  atom  of  oxygen  weighed  IG 
times  as  much  as  an  atom  of  hydrogen.  Also,  if  1000  atoms  of 
iron  are  compared  with  1000  atoms  of  hydrogen,  the  iron  will  ]ye 
found  to  l>e  56  times  as  heavy  as  the  hydrogen.  Since  atoms  are 
comjjared,  this  relation  is  called  atomic  weight. 

Hydrogen  is  taken  as  the  unit  because  its  atom  weighs  less 
tlian  an  atom  of  any  other  subsUmce. 
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The  atomic  weight  of  an  element  is  the  weight  of  its  atom  in 
terms  of  the  weight  of  an  atom  of  hydrogen^  which  is  the  standard 
or  unit. 

From  the  table  we  find  that  the  atomic  weight  of  carbon  is 
12,  of  nitrogen  14,  and  of  lead  207. 

It  is  impossible  to  see  an  atom,  even  with  the  most  powerful 
optical  instruments  ;  therefore,  it  cannot  be  weighed.  However, 
chemists  have  determined  the  atomic  weights  of  the  elements  by 
comparing  their  compounds. 

It  is  assumed  that  equal  volumes  of  all  gases  have  the  same 
number  of  molecules  if  the  tempeiature  and  pressure  are  alike. 
This  assumption  or  law  is  the  foundation  of  the  chemical  thjory 
of  to-day,  and  it  is  accepted  by  chemists  generally. 

If  a  gallon  of  nitrogen  and  a  gallon  of  hydrogen  are  weighed 
(temperature  and  pressure  constant),  the  ratio  of  the  weight  of 
the  nitrogen  to  that  of  the  hydrogen  is  the  density  of  nitrogen. 
Since  lx)th  are  gases,  it  is  called  vapor  density. 

We  may  define  vapor  density  as  follows :  The  vapor  density 
of  any  gas  is  the  weight  of  a  given  volume  of  it  in  terms  of  the 
weight  of  an  cfjual  volume  of  hydrogen  at  the  same  temperature  and 
pressure. 

In  making  this  computiition,  the  gases  must  be  of  the  same 
temperature  because  heat  causes  gases  to  expand,  and  the  gas 
weighed  at  the  higher  temperature  will  contain  fewer  molecules. 

The  pressure  also  nmst  be  the  same,  for  the  greater  the 
pressure,  the  greater  the  number  of  molecules  in  a  given  vcjjume. 

At  a  certain  temperature  and  pressure,  a  gallon  of  hydrogen 

weiglis  .3264  gi-ams  and  at  the  same  tem^^erature  and  pressure  a 

gallon  of  oxygen  weighs  5.2224  grams.     The  oxygen   is  conse- 

5  2224 
quently       '  r=:  16  times  heavier  than  the  hydrogen.      Then 

the  vapor  density  of  oxygen  is  16. 

TIi,e  molecular  weight  of  a  gas  is  twice  its  vapor  density.  In 
other  words,  the  vapor  density  is  one-half  the  molecular  weight 
Then,  as  the  vapor  density  of  oxygen  is  16,  the  molecular  weight 
is  2  X  16  =  32.     If  there  are  two  atoms  in  a  molecule  of  oxygen, 

32 

and  the  molecular  weight  is  32,  the  atomic  weight  is  —    =    16. 
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Thus  for  oxygen,  the  atomic  weight  and  vapor  density  are  the 

same,  16  ;  but  if  there  are  three  or  four  atoms  in  the  molecule  of 

an  element,  the  atomic    weight,  being   equal    to    the    molecular 

weight  divided  by  the  number  of  atoms,  will  not  equal  the  vapor 

density. 

Let  us  consider  the  gas  called  carbon  dioxide.     We  write 

tlie  symbol  COg  because  it  is  made  up  of  two  parts  oxygen  and 

one  part  carbon.     The  atomic  weight  of  carbon  is,  from  the  lable, 

12;    the  atomic  weight  of  oxygen  is  16,  and  as  there  are    two 

atoms  of  oxygen  and  one  of  carbon  in  the  molecule,  the  molecular 

weight  is 

12  +  (2  X  16)  =  44. 

The  vapor  density  is  one-half  the  molecular  weight,  or  22. 

By  finding  the  vapor  density  of  gases,  chemists  have  calcu- 
lated the  atomic  and  molecular  weights.  This  mctliod  cannot 
however  be  used  for  some  elements,  as  many  substances  have 
never  been  vaporized  or  cannot  be  vaporized  under  conditions 
whi(;h  make  weighing  possible.  For  these  elements  the  vapor 
densities,  molecular  and  atomic  weiglits  are  uncertain. 

Another  methoil  is  as  follows:  The  atom  is  the  smallest 
particle  which  can  exist  in  composition  or  combination.  Hence, 
the  atomic  weight  ii  the  leant  comhinitKj  tveijht.  By  analyzing  a 
great  number  of  compounds,  the  smallest  weight  of  an  element  is 
determined,  and  the  other  compounds  contiiin  a  multiple  of  that 
weight.     The  least  combining  weight  is  the  atomic  weight. 

The  vai)or  density  as  found  by  one  method  and  the  atomic 
weight  by  another  are  generally  the  same,  that  is,  if  there  are  two 
atoms  in  the  molecule.  The  vai>or  of  mercury  luis  a  vapor  densily 
of  09.J,  hence  a  molecular  weight  of  109.  But  tlie  atomic  weight 
is  199,  hence  there  is  one  atom  hi  a  molecule. 

MOLECULAR  WEIGHT. 

The  weight  of  a  molecule  is  found  by  adding  together  the 
weights  of  all  the  atoms  in  the  molecule.  iMolecular  weight,  like 
atomic  weight,  is  expressed  in  terms  of  the  weight  of  the  hydrogen 
atom. 

We  know  tliJit  a  molecule  of  common  salt  is  composed  of  one 
atom  of  sodium,  and  one  atom  of  chlorine.  The  sodium  atom  is 
23  times  as  heavy  as  the  hydrogen  atom,  or,  its  atomic  weight  is 
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23.  The  atomic  weight  of  chlorine  is  35.5.  Therefore  the 
molecular  weight  of  a  molecule  of  salt  is  23  -[-  86.5  =  68.5.  In 
other  words  a  molecule  of  salt  NaCl  is  58.5  times  as  heavy  as  an 
atom  of  hydrogen.     Three  molecules  3NaCl,  weigh  175.5. 

What  is  the  molecular  weight  of  copper  nitrate,  Cu(NO,)j  i 
As  we  have  seen,  Cu(N03)2  is  the  same  as  CuN^Og.  This  molecule 
is  then  made  up  of  one  atom  of  copper  weighing  63.3,  two  atoms  of 
nitrogen  weighing  2  X  14  =  28,  and  six  atoms  of  oxygen  weighing 
6  X  16  =  96.  The  molecular  weight  is  63.3  +  28  +  96  =  187.3. 
Sometimes  copper  nitrate,  in  common  with  many  other  substances, 
has  a  crystalline  form  represented  by  Cu(NOj)j  •  3II2O.  The 
3H2O  is  an  essential  part  of  the  crystal,  called  "water  crystalliza- 
tion" and  must  be  added  when  finding  the  molecular  weight.  As 
3H,0  =  3(2  +  16)  =  54,  the  molecular  weight  of  crystallized 
copper  nitrate  Cu(N03),  •  311,0  is  187.3  +  54  =  241.3. 

CHEMICAL  AFFINITY. 

In  order  that  molecules  may  be  formed  from  atoms,  there 
must  be  some  force  to  bind  the  atoms  together.  This  force  is 
called  chemical  affinity  or  chemism.  This  force  corresponds  to  the 
physical  force  called  cohesion. 

A  compound  usually  possesses  properties  which  are  entirely 
different  from  those  of  the  elements  of  which  it  is  composed. 
Water,  for  instance,  is  made  up  of  two  gases,  hydrogen  and  oxygen. 
These  two  substances  are  gases,  colorless  and  ordorless.  When 
combined  in  the  proper  proportion,  the  compound  is  a  liquid  at 
ordinary  temperatures. 

Sugar  (C,.^Il220,,),  a  white,  sweet,  crystalline  substance,  is 
fomitd  by  combining  carbon,  a  black  non  crystalline  substance, 
with  oxygen  and  hydrogen,  two  colorless  and  odorless  gases. 

Of  the  constituent  elements  of  cupric  sulphate,  CuSO/SH^O, 
copper  is  red,  sulphur  yellow,  oxygen  and  hydrogen  are  colorless. 
Two  are  gases  and  two  are  solids.  The  cupric  sulphate  thus 
formed  is  a  blue  solid. 

Chemical  affinity  takes  away  the  properties  of  the  elements 
and  causes  the  compound  to  have  new  properties.  Chemical 
affinity  may  act  between  atoms  of  the  same  kind,  or  atoms  of 
different  kinds.  Also,  it  may  be  strong  or  weak,  but  it  acts  only 
at  short  distances. 
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It  is  easy  to  sepamte  the  carbon  from  the  other  two  elements 
m  sugar,  but  it  is  more  difficult  to  resolve  water  into  its  elements, 
hydrogen  and  oxygen.  In  other  words,  it  is  hard  to  break  up  the 
attraction  that  some  elements  have  for  others,  but  it  can  be  done 
by  heat,  electricity  and  reagents.  *  A  reagent  is  a  substance 
which  produces  chemical  change  such  as  an  acid. 

COnPOUNDS, 

Chemical  affinity  binds  atoms  together  to  foi-m  molecules  and 
compounds.  Compounds  are  usually  called  by  names  taken  from 
the  elements  of  which  they  are  composed,  as  hydrogen  oxide, 
HjO,  (water)^  and  carbon  dioxide,  COg. 

Some  compounds  are  composed  of  two  elements  as  NaCl, 
chloride  of  sodium  (common  salt)^  and  HCl,  hydrogen  chloride  or 
hydrochloric  acid.  Other  compounds  contain  three  elements,  as 
HgSO^  sulphate  of  hydrogen  or  sulphuric  acid^  and  KOH,  potas- 
sium hydrate. 

UNION  BY   WEIGHT. 

Before  taking  up  the  study  of  compounds  and  equations  it 
will  be  necessary  to  understand  the  proportions  in  which  elements 
combine.  This  study  is  based  upon  the  two  fundamental  laws  of 
chemistry  which  are  as  follows : 

1.  The  law  of  Conservation  of  Matter. 

2.  The  law  of  Definite  Weight. 

Law  of  Conservation  of  flatter. —  The  sum  of  the  weights  of 
all  the  products  in  an  experiment  is  exactly  equal  to  the  sum  of  the 
weights  of  all  the  factors. 

This  law  means  that  matter  can  neither  be  destroyed  nor 
created.  In  other  words,  matter  may  be  changed  or  transformed ; 
it  may  be  changed  from  solid  to  liquid  or  to  invisible  gas,  or  the 
volumes  may  be  greatly  increased,  but  the  processes  do  not  cause 
any  loss  or  gain  in  weight. 

Law  of  Definite  Weight.  —  Any  chemical  compound  always 
contmns  the  same  elements  in  the  same  ratio  hy  weight. 

Ferrous  sulphide,  FeS,  always  contains  iron  and  sulphur, 
and  always  in  the  same  proportion  by  weight.  Thus,  FeS  is 
always  made  up  of  56  parts  of  iron  and  32  parts  of  sulphur. 
Potassium  chlorate,  KCIO3,  always  contains  potassium,  chlorine 
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and  oxygen.  Also,  in  the  compound,  there  are  39  parts  (by 
weight)  of  potassium,  K ;  35  parts  of  chlorine,  CI ;  and  3  X  16  =  48 
parts  of  oxygen,  O. 

Water  is  made  from  oxygen  and  hydrogen.  Pure  water 
always  contains  8  parts  oxygen  (by  weight)  and  1  part  hydmgen. 

Suppose  we  wish  to  make  oxygen  from  the  compound,  potas- 
sium chlorate,  KCIO3.  How  much  oxygen  can  we  expect  from 
2  ounces  ? 

First,   we    must  know  what   proportion    of   the   KCIO3    is 

oxygen.     We  know  that  there  are  39  parts  K,  35  parts  CI,  and  48 

48 
parts  O.    Then  of  122  parts,  48  are  oxygen,  and——.  X  2  =  .787 

1  Jilt 
ounces  (nearly). 

VALENCE. 

Atoms  of  the  various  elements  differ  in  the  number  of  atoms 
of  other  elements  which  they  can  hold  in  combination  to  form 
chemical  compounds.  Let  us  suppose  that  atoms  have  "  hands  " 
or  *'  hooks  "  with  which  they  can  grasp  other  atoms.  Some  atoms 
have  one  hand,  some  two,  some  three,  and  so  on.  It  is  evident 
that  an  atom  with  two  hands  can  hold  two  atoms  having  one 
hand,  or  it  can  hold  one  atom  which  has  two  hands,  etc.  Or  we 
may  consider  that  an  atom  has  a  certain  number  of  "  affinity  points." 
The  number  of  these  affinity  points  determines  the  number  of 
atoms  which  it  can  hold  in  chemical  combination.  This  is  what 
is  known  as  the  valence  or  quantivalence  of  an  atom.  Valence 
has  no  apparent  relation  to  the  strength  of  the  affinity  of  atoms. 

AVe  must  have  a  standard  by  which  to  measure  valence.  The 
combining  power  of  hydrogen  is  a  convenient  measure  of  valence 
as  its  valence  is  always  1  ;  in  other  words  it  seems  to  have  but 
one  *'  affinity  point,"  or  **  hand."  With  elements  which  combine 
directly  with  hydrogen  the  valence  is  the  number  of  hydrogen 
atoms  which  one  atom  will  hold.  Atoms  which  do  not  combine 
with  H  will  usually  replace  H  in  its  compounds  and  the  number 
of  atoms  of  H  which  such  an  atom  will  replace  is  its  valence. 
Thus  in  NaCl  the  Na  replaces  one  atom  of  II  in  HCl.  Hence  the 
valence  of  Na  is  1.  In  H^O  one  atom  of  O  combines  with  two 
atoms  of  H,  therefore  the  valence  of  O  is  2.  We  may  say  that  the 
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hydrogen  atom  has  one  hook ;  two  atoms  must  therefore  have  two 
hooks,  and  as  oxygen  is  combined  with  two  atoms  of  hydrogen, 
the  oxygen  element  must  have  two  hooks.  Hence  the  valence  is 
two.  Fig.  1  shows  some  of  the  ways  of  representing  the  valences 
of  elements. 

Ammonia  is  a  gas  made  up  of  three  atoms  of  hydrogen  and 
one  atom  of  nitrogen;  its  symbol  is  then  NHg.  What  is  the 
valence  of  N?  The  valence  of  hydrogen  is  one,  and  as  one  atom 
of  nitrogen  combines  with  three  atoms  of  liydrogen,  the  valence 
of  nitrogen  must  be  three, 
monads.  dyads.  triads.  tetrads. 
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What  is  the  valence  of  sodium,  maguesium,  bismuth  and 
carbon  from  these  symbols? 

NaCl,  MgCU,  BiClg,  CCl^. 

In  NaCl,  it  is  seen  that  one  atom  of  sodium,  Na,  combines 
with  one  atom  of  CI,  hence  its  combining  power  is  one.  Again, 
we  have  the  two  compounds  HCl  and  NaCl.  From  these  sym- 
bols it  is  seen  that  one  atom  of  Na  replaces  one  atom  of  H,  there- 
fore the  replacing  value  of  Na  is  one. 

In  magnesium  chloride,  MgClj,  one  atom  of  magnesium 
combines  with  two  atoms  of  chlorine.  The  valence  of  Mg  is 
therefore  two. 

Chloride  of  bismuth,  BiClg,  is  made  up  of  one  atom  of 
bismuth  and  three  atoms  of  chlorine.  Then  as  one  atom  of  Bi 
combines  with  three  atoms  of  CI  the  combining  value  of  Bi  is 
three. 
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Similarly  four  atoms  of  chlorine  are  necessary  when  com- 
bining with  one  atom  of  carbon,  and  the  valence  of  C  is  four. 

If  these  compounds  were  made  by  the  action  of  HCl,  the 
equations  would  be 

Na  +  HCl    =  NaCl  +  H. 
Mg+  2HC1  =r  MgClg  +  2H. 
Bi  +3HCl  =  BiCl3  +  3H. 
C    +4HC1=:CC1^+4H. 

When  an  element  combines  with  hydrogen,  atom  for  atom, 
or  i-eplaces  hydrogen,  atom  for  atom,  its  valence  is  one  and  it  is 
called  univalent.  The  bivalent  elements  are  those  which  require 
two  atoms  of  hydrogen  to  replace  one  atom  of  the  element,  and 
the  trivalent  elements  are  those  whose  atoms  select  three  atoms 
having  a  valence  of  one  with  which  to  unite.  These  elements  are 
called  monads,  dyads  and  triads,  etc. 

Some  elements  have  more  than  one  valence.  Phosphorus 
sometimes  combines  with  three  atoms  of  chlorine  (PCI 3)  and 
sometimes  with  five  atoms  (PCI5).  In  the  first  case  P  is  a  triad, 
and  in  the  second  case  a  pentad. 

The  valence  of  an  elenient  is  often  indicated  by  marks  at  the 
right,  as  Na',  Cu",  Bi'",  O 
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EQUATIONS. 

A  chemical  equation  (sometimes  called  a  reaction)  is  a  short 

algebraic  expression  of  a  chemical  change.     If  we  heat  together 

iron  filings  and  sulphur,  the  result  is  iron  sulphide,  or  we  can  say 

that 

iron  -f-  sulphur  =  iron  sulphide. 

We  know  that  a  definite  quantity  of  iron  united  with  a 
definite  quantity  of  sulphur,  and  the  result  was  a  definite  quantity 
of  iron  sulphide.  We  may  say  that  one  atom  of  sulphur  united 
with  one  atom  of  iron  and  formed  a  molecule  of  iron  sulphide. 
Let  us  use  the  symbols  of  these  elements  and  we  can  write, 

Fe  +  S  =  FeS. 

In  fact,  millions  of  atoms  of  iron  united  with  an  equal  num- 
ber of  atoms  of  sulphur ;  but  for  simplicity  and  brevity,  we  write 
the  equation  for  one  atom  of  each.  ^ 
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The  atomic  weight  of  iron  is  56,  and  that  of  sulphur  is  32. 
Then  56  parts,  by  weight,  of  iron  united  with  32  parts  by  weight, 
of  sulphur,  to  form  88  parts  of  iron  sulphide. 

Factors.  Product. 

Fe  +  S      =       FeS 
56  +  32     =       88 

An  equation  represents  the  substances  that  are  put  together, 
and  the  substances  obtained.  Also,  it  shows  the  proportions 
of  those  used  and  of  those  obtained.  Substances  put  together 
are  called  Factors,  and  those  obtained  Products.  The  factors  are 
usually  placed  on  the  left-hand  side  of  the  equality  sign,  and  the 
products  on  the  right-hand  side. 

From  the  law  of  conservation  of  matter,  we  learned  that 
matter  cannot  be  created  or  destroyed.  Therefore  there  must  be 
as  many  atoms  in  the  products  as  there  were  in  the  factors.  Also 
there  must  be  the  same  number  of  each  kind  of  atoms  on  both 
sides  of  the  equation. 

Take  the  action  of  hydrochloric  acid,  HCl,  on  metallic 
zinc,  Zn ;  the  zinc  disappears  and  bubbles  of  gas  are  given  off. 

Zn  +  HCl  =  ? 

We  know  that  hydrogen  is  given  off.  The  valence  of  Zn  is  two, 
or,  one  atom  of  Zn  will  replace  two  atoms  of  H ;  but  there  is  only 
one  atom  of  H  in  one  molecule  of  HCl ;  therefore  we  must  have 
two  molecules  of  HCl  to  give  two  atoms  of  H  to  be  replaced. 
Tlie  equation  (or  reaction)  then  will  be : 

Factors.  Product. 

Zn  +  2HC1  =:=  ZnCla    +  2H 

by  atoms  1  +  [2  X  (1  +  1)]  =  (I  +  2)  +  2 

or  1+4  =3  +  2 

The  zinc  replaces  the  hydrogen  and  combines  with  the 
chlorine,  forming  zinc  chloride,  ZnClg,  and  the  hydrogen  gas  is 
set  free.  It  is  evident  that  there  are  five  atoms  on  each  side  of 
the  equation,  also  that  on  each  side  one  of  these  is  an  atom  of  Zn, 
two  are  atoms  of  H  and  two  are  atoms  of  CI. 

Suppose   sulphuric  acid,   HoSO^,  is  added  to  caustic  soda, 

NaOH.     Sulphate   of   soda,  Na2S0^,  and    water,   HgO,  will   be 

formed. 

NaOH  +  HjSO^  =  Na^SO^  +  HjO  —  ? 
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We  see  that  there  are  two  atoms  of  Na  in  the  products  and 
only  one  in  the  factors,  also  three  atoms  of  H  on  the  left  and  only 
two  on  the  right;  therefore  we  must  have  two  molecules  of  NaOH 
to  furnish  two  atoms  of  Na,  and  the  expression  will  then  become 

2NaOH  +  HgSO^  =  Na^SO^  +  2H3O 
By  atoms 

2x(l+l  +  l)  +  (2  +  l  +  4):=z(2  +  l+4)  +  [2x(2  +  l)] 
or  6  +  7zz:7+6 

The  equation  will  now  balance,  for  there  are  thirteen  atoms 
on  each  side  and  also  the  same  number  of  atoms  of  Na,  O,  H  and 
S  in  the  factors  as  in  the  products. 

We  may  write  many  chemical  equations  which  do  not  express 
chemical  reactions.  In  order  to  write  a  true  chemical  reaction 
(equation)  it  must  be  known  that  a  chemical  action  takes  place 
and  also  what  sulistances  are  formed. 

Use  of  Chemical  Uf^tatiofis,  From  the  study  of  atomic  and 
moleculiir  weights  we  can  find  the  weights  of  all  factors  used 
and  all  the  products  made  in  terms  of  the  weight  of  an  atom  of 
hydrogen.  Let  us  again  consider  the  equation  of  the  action  of 
HCl  on  Zn. 

Zn  +  2HClz:r  ZnClj  +  2H 

By  weights  gg     ,     ^3  1=  136         +2 

this  becomes 

For  the  atomic  weight  of  Zn  is  65,  the  molecular  weight  of 

UC\  =  1  +  35.5,  and  of  21101  =  2  X  36.5  =  73.     The  molecular 

weight  of  ZnCl2  =  65  +  (2  X  35.5)  ^  136,  and  the  weight  of 

2H  =  2. 

Example. — How  much  hydrochloric  acid  will  be  required  to 
dissolve  10  pounds  of  zinc  ?  We  see  by  the  chemical  equation 
that  65  parts  by  weight  of  zinc  are  dissolved  in  73  parts  by  weight 
of  HCl,     The  problem  is  then  one  of  simple  proportion. 

Zn  •  2  HCl :  :  zinc      :  hydrochloric  acid 

65  :  73       :  :  10  lbs.:  x\h&. 

65  a:  =  730         x=  11.23  +  lbs.  hydrochloric  acid. 

If  more  zinc  is  taken,  the  excess  over  10  pounds  will  be  left 
unacted  upon,  or  if  more  than  11.23-f-  pounds  of  HCl  is  added 
to  10  pounds  of  zinc,  the  excess  HCl  will  not  be  used  up 
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Another  example:  How  much  zinc  chloride,  ZnClg,  will  be 
produced  from  the  10  pounds  of  zinc  ? 

Zn :  ZnClj  :  :  zinc :  zinc  chloride 

65  :  136       :  :  10    :  a: 

65a;  =  1360       rr  =  21  lbs.  (neariy)  of  zinc  chloride. 

Thus  we  see  that  if  we  have  the  cliemical  equations  and 
atomic  weights  we  can  calculate  all  the  products  and  factors  if  we 
know  the  weight  of  one  factor  or  product.  This  is  very  important 
in  all  chemical  work. 

EXAMPLES   FOR  PRACTICE. 

(1)  Complete  the  following: 

(a)     S  +  ?  =  SOg  (6)     Fe  +  ?HC1  =  FeCla  +  ?H 

(c)  CaCOg  (heated)  =  CaO  +? 

(d)  NajCOg  +  ?HC1  =  ?NaCi  +  H^O  +  COjj 

(2)  C  +  20  =  C02.  How  much  COj  (carbon  dioxide) 
will  be  made  from  10  pounds  of  carbon?  Ans.   30J  i)ounds. 

(3)  S  +  20  =:  SOj.  How  much  sulphur  will  be  required 
to  make  20  pounds  of  SOg  ?  Ans.  10  pomids. 

(4)  NagCOg  +  H2SO4  =  NagSO^  +  H^O  +  COj.  How 
much  sulphuric  acid  will  be  required  to  neutralize  12  pounds  of 
sodium  carbonate,  NagCOg?  Ans.  11.1  pounds. 

CHEHICAL  ACTIONS. 

Chemical  action  does  not  always  take  place  when  substances 
are  mixed;  but  from  countless  experiments  several  general  facts 
governing  chemical  action  can  be  mentioned.  Many  of  the  ele- 
ments are  active  chemically.  Thus  oxygen  combines  directly 
(forming  oxides)  with  all  elements  except  florine  and  argon ;  sul- 
phur uAites  with  many  of  the  metals,  forming  sulphides ;  chlorine, 
bromine,  and  iodine  form  chlorides,  bromides  and  iodides  respec- 
tively. The  oxygen  in  many  compounds  is  easily  separated,  mak- 
ing them  chemically  active.  They  are  called  oxidizing  agents, 
and  as  examples  bichromate  of  potash,  nitric  acid,  potassium 
chlorate  and  bleaching  powder  may  be  mentioned.  Compounds 
called  acids  are  very  active  chemically. 

An  Acid  is  a  compound  containing  hydrogen  which  can  be 
easily  exchanged  for  a  metal  or  other  basic  substance.    Acids  have 
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a  sour  taste  and  cause  effervescence  when  added  to  a  carbonate^ 
as,  for  instance,  baking  soda. 

Basic  Elements  are  the  common  metals  and  elements  which 
act  like  them.  Sodium,  potassium  and  calcium  are  in  reality 
metals  and  are  much  more  "basic"  than  the  familiar  metals. 

An  Alkali  is  formed  when  a  very  basic  element  displaces  one 
atom  of  liydrogen  in  HjO  forming  a  hydrate  thus  :  Na  +  HjO 
=  NaOH  -f-  H.     NaOH  is  called  a  sodium  hydrate. 

The  hydrogen  of  an  acid  is  easily  exchanged  for  a  metal 
when  treated  with  an  alkali.  When  the  correct  proportion  of  an 
acid  is  added  to  an  alkali  or  other  basic  compound  the  character- 
istic properties  of  both  the  acid  and  base  are  lost.  The  acid  and 
alkali  are  said  to  neutralize  each  other. 

Salts,  The  substance  formed  by  neutralizing  an  acid  is 
called  a  salt.  Water  is  also  formed  when  a  hydrate  or  an  oxide 
is  used  to  neutralize  an  acid. 

(1)  HCl  +  KOH  =  KCl  +  HgO 

(2)  2HNO3  +  Ca  (OH)2  =z  Ca  (NOg)^  +  2\i^0 

(3)  HaSO^  +  ZnO  =  ZnSO^  +  U^O. 

When  a  metal  is  used,  hydrogen  is  set  free.     Thus: 

Fe  +  HaSO^^z^  FeSO^  +  Hg 
The  substances  KCl,  Ca  (NOg^g,  ZnSO^  and    FeSO^  are  salts, 
and  are  neutral  substances  with  little  chemical  action. 

When  a  vohitile  substance  can  be  given  off,  chemical  action 
will  usually  take  place.  Strong  acids  will  displace  weaker  acids  in 
salts;  as,  for  example,  2IIC1  +  FeS  =  FeCU  +  IIoS.  Hydrogen 
sulphide,  HjS,  is  a  gas  and  is  expelled. 

2HN03+Na2C03  =  2NaN03 +H2O  +  CO2. 
Carbon  dioxide,  COg,  is  given  off  when  a  strong  acid  is  added  to  a 
carbonate.  Heatir)g  frequently  assists  the  action.  Nitric  acid, 
HNO3,  is  made  by  heating  nitrate  of  soda  with  sulphuric  acid; 
antl  hydrochloric  acid,  HCl,  by  heating  common  salt  with  sul- 
phuric acid. 

The  reactions  are : 

(1)  H2SO4  +  NaNOg  =  NaHSO^  +  HNOj 

(2)  H2SO4  +  2NaCl  =  Na^SO^  +  2HC1. 

Solutions  of    all  neutral  salts  can  be  mixed  without  apparent 
chemical  action,  unlsse  an  insoluble  compound  is  formed.     For 
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example,  a  solution  of  common  salt  can  be  mixed  with  a  solution 
of  nitrate  of  soda  without  change.  There  are,  however,  many  in- 
soluble salts,  of  which  lead  sulphate  is  one.  If  a  solution  of  lead 
nitrate  be  added  to  a  solution  of  sodium  sulphate,  the  mixture 
becomes  white  like  milk,  and  after  a  short  time  a  white  powder, 
lead  sulphate,  PbSO^,  settles  to  the  bottom.  Pb(N03)2  -|- 
Na^SO^  =  2NaN03  -j-^l^S04'  This  is  called  a  precipitate^  be- 
cause it  is  thrown  down.  The  precipitate  will  continue  to  form 
until  one  or  the  other  of  the  salts  is  exhausted. 

Solubility.     Many  substances  will  dissolve  in  water,  such  as 


Fig.  2. 


salts,  acids,  alkalis,  sugar  and  gases.  If  a  salt  (or  sugar)  is 
placed  in  water,  it  disappears.  If  more  and  more  salt  is  added,  a 
point  will  at  length  be  reached  when  no  more  s  lit  will  be  dis- 
solved. The  solution  is  then  said  to  be  saturated.  If,  however, 
the  s.iturated  solution  is  heated,  more  salt  (or  sugar)  can  be  dis- 
solved. That  is,  in  most  cases  heating  water  increases  its  capacity 
for  retaining  solids  in  solution.  The  reverse  is  true  of  gases,  for 
more  gas  can  be  dissolved  in  cold  water  than  in  hot  water. 

If  a  hot  saturated  solution  of  a  solid  is  cooled  to  ordinary 
temperature,  some  of  the  solid  will  be  thrown  out  of  the  solution, 
or  precipitated.  The  precipitate  is  often  formed  in  very  beauti- 
ful crystals,  especially  if  the  solution  is  cooled  slowly.  A  few  of 
the  shapes  are  shown  in  Fig.  2. 
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OXYGEN. 

Occurrence.  —  Oxygen  is  one  of  the  most  important  elements. 
It  is  important  because  of  its  abundance,  its  activit}',  and  the 
great  number  of  compounds  into  which  it  enters.  Oxygen  makes 
up  by  weight  fully  one-half  of  the  globe,  including  air,  ocean  and 
earth.  The  air  is  about  one-fifth  oxygen  by  weight ;  water  is 
eightrninths  oxygen  by  weight,  and  the  important  minerals  such 
us  quartz,  sand,  &c.,  are  about  one-half  oxygen. 

The  oxygen  in  water  and  in  minemls  is  chemically  combined, 
but  when  in  air,  it  is  simply  mixed  with  the  other  gases. 

Oxygen  is  essential  to  all  animal  matter.  It  sustains  the 
vitality  of  man,  of  beasts  and  even  of  fish.  Oxygen  supports 
combustion,  whether  a  single  splinter  is  burning,  or  there  is  a 
great  conflagration. 

Discovery.  —  The  first  discovery  of  oxygen  is  generally  at- 
tributed to  Dr.  Joseph  Priestly,  an  English  clergyman  and  scientist. 
Priestly  performed  his  great  experiment  August  1,  1774,  and  this 
day  has  been  called  the  birthday  of  modern  chemistry. 

So  great  was  the  interest  in  chemistry  at  this  time,  that  two 
others  discovered  this  important  element  at  about  the  same  time 
that  Priestly  did.  These  two  were  Seheele,  an  apothecary  in 
Sweden,  and  Lavoisier,  the  French  chemist.  Seheele  chilled  it 
'*fire  air,"  but  Lavoisier  named  it  oxygen  which  means ''acid 
foi-mer." 

Lavoisier  in  giving  the  true  explanation  of  combustion  over- 
threw the  Phlogiston  theory  and  started  modern  chemistry. 

Physical  Properties.  —  Oxygen  is  a  gas  at  ordinary  temper- 
atures and  pressures.  It  is  colorless,  tiisteless,  odorless  and  a  little 
heavier  than  air.  It  is  solulJe  in  water;  it  is  to  this  property 
that  fish  owe  their  existence.  Al)out  one  volume  of  oxygen  can 
be  dissolved  in  25  volumes  of  water. 

Oxygen  was,  until  recently,  considered  a  permanent  gas,  that 
is,  it  could  not  be  liquified.  Experiments,  conducted  with 
apparatus  capable  of  subjecting  it  to  intense  cold  and  gi*eat 
pressure,  show  that  the  gas  can  be  liquified. 

Chemical  Properties.  —  The  most  striking  of  the  chemical 
properties   Is   the   tendency  to   combine  with   other  elementary 
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substances.  This  is  tbe  reason  for  oxidation,  rust  and  the  decay 
of  so  many  substances.  Combustion  is  another  oxani[)le,  but  in 
this  instance  tbe  orygen  does  not  unite  except  when  tlie  subst4inces 
are  heated.  Tlius,  a  building  is  surrounded  and  saturated,  as  it 
were,  with  oxygen,  but  it  is  haimless  until  heat  produces  com- 
bustion ;  then  the  oxygen  combines  with  the  other  elements. 

Oxygen  is  called  a  supporter  of  combustion.  In  fact, 
diamonds,  iron  and  other  substances,  not  ordinarily  considered 
oombnstible,  will  bum  brilliantly  in  pure  oxygen  gas. 

At  usual  temperatures,  oxygen  combines  slowly.  If  a  piece 
of  iron  is  made  bright  and  then  dipped  in  water,  it  becomes  rusted 
in  a  few  days ;  or  if  a  piece  of  lead  is  iiled  until  it  is  bright,  it 
becomes  covered  with  a  dull  colored  coating  of  oxide  of  lead. 

If  air  were  undiluted  ox3'gen,  all  animal  life  would  be.i*apid. 
If  a  fire  was  started,  it  could  be  extinguished  with  difficulty. 

Compounds*  —  As  has  been  stated,  oxygen  combines  with 
almost  all  of  the  elements.     These  compounds  are  called  oxides. 


Fig.  3. 

^"nie  most  important  of  these  Is  water.  Tlie  comywunds  of  oxygen 
wfaioh  are  the  most  important  to  the  enginoer,  are  wat^^r  and  the 
products  of  combustion.  Oxygen  is  an  im[)()rtant  constituent  of 
air«  bnt  air  is  a  mixture  and  not  a  chemical  compound.  These 
substances,  water,  air  and  the  products  of  combustion  will  be 
discussed  later. 

Uses.  —  The  principal  use  of  oxygen  in  nature  is  to  sustain 
life.  It  also  supports  combustion.  It  is  used  in  the  oxy-liydrogrn 
blow-pipe^  and  in  the  production  of  the  calcium  light. 

The  oxy-hydrogen  blow-pipe  consists  of  two  concentric  tuln^s, 
the  inner  one  conveying  oxygen  an<l  the  outer  liydrogen,  as  shown 
in  Fig.  3.  The  gases  come  together  at  the  end  and  are  ])urncd. 
The  flame  is  almost  colorless  aiul  ha.s  but  little  luminous  power. 
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Its  heat  is,  however,  intense ;  the  temperature  being  about  2000° 
F.  This  intense  heat  is  made  use  of  in  melting  and  refining  ores 
and  alloys. 

The  calcium  or  lime  light  is  made  by  directing  the  tiame 
from  the  oxy-hydrogen  blow-pipe  upon  a  block  or  cylinder  of  lime. 
Tlie  intense  heat  produced  by  the  burning  of  the  gases,  causes  the 
lime  to  become  white  hot,  and  to  give  out  a  brilliant,  dazzling 
light.  Illuminating  gas  can  be  used  in  place  of  hydrogen.  Tlie 
calcium  light  is  used  for  stereopticons,  and  for  sUige  effects  in 
theatres.  It  has  been  used  in  carrying  on  important  engineering 
construction  work  during  the  niglit.  At  the  present  time,  tlie 
electric  light  is  talking  the  place  of  the  lime  light  to  a  great  extent. 
Preparation.  —  Oxygen  may  l>e  prepared  in  many  ways. 
Priestly  prepared  it  by  heating  red  oxide  of  mercury.  The  pro- 
cess is  represented  by  the  equation, 

2HgO  =02+  2Hg. 
2  (200  +  16)  =  82  +  (2  X  200). 
432  =  432. 

The  most  usual  metliod  of  preparing  oxygen  is  by  heating  a 
substance  called  chlorate  of  potassium  (KClOg).  The  following 
formula  explains  the  chemical  change, 

2  KCIO3  (heateAl)  zz:  2  KCl  +3O2 

The  heat  sets  free  the  oxygen  and  changes  the  chlorate  of 
potassium  to  potassium  chloride. 

This  substance,  KCIO3,  breaks  up  only  at  a  comparatively 
high  temperature  and  with  explosive  violence ;  but  by  mixing 
with  it  a  little  manganese  dioxide  (called  black  oxide  of  mangan- 
ese) much  less  heat  is  required,  and  the  oxygen  evolves  slowly 
and  continuously.  The  manganese  dioxide  does  not  appear  to 
take  any  chemical  [)art  in  the  process,  but  remains  unchanged. 

HYDROGEN. 

Occurrence.  —  Hydrogen  is  rarely  found  on  our  globe  uncom- 
bined  or  in  a  free  condition.  The  reason  for  this  is  its  great 
affinity  for  oxygen  which  is  so  abundant.  In  combination,  hydro- 
gen is  very  abundant  and  widely  distributed.  Hydrogen  is  in  all 
water,  wherever  it  may  l)e.  Besides  water  in  the  form  of  oceans, 
lakes,  rivers,  etc.,  it  is  one  of  the  principal  elements  in  animal  and 
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vegetable  life.  Hydrogen  is  a  constituent  of  natural  gas,  meteor- 
ites, and  most  acids  and  bases. 

Discovery.  —Hydrogen  was  isolated  in  1766  by  an  English 
chemist,  Cavendish,  who  called  the  gas  ''inflammable  air;"  but 
Lavoisier  named  it  hydrogen  which  means  ^^  water  former  ^ 

Cavendish  was  a  very  eccentric  individual,  having  scientific 
pursuits  the  object  of  his  life.  His  silent  accurate  work  did  much 
toward  the  progress  of  the  science  of  Chemistry. 

Physical  Properties.  Hydrogen  is  the  lightest  of  gases, 
being  only  J^  as  heavy  as  oxygen.  When  pure  it  is  colorless, 
odorless  and  tasteless.  It  is  but  slightly  soluble  in  water.  On 
account  of  its  lightness  it  was  formerly  used  for  inflating  balloons, 
but  as  hydrogen  is  expensive,  illuminating  gas  is  now  used, 
although  it  is  much  heavier  than  hydrogen. 

Hydrogen  has  been  liquefied  at — 238°  C  and  under  a  pressure 
of  300  pounds  per  sq.  in.     Also  it  has  been  solidified  by  Dewar. 

Ctiemical  Properties.  —  The  most  interesting  and  most  strik- 
ing property  of  hydrogen  is  its  power  to  unite  with  oxygen. 
When  oxygen  and  hydrogen  unite,  heat,  light  and  flame  appear, 
and  a  new  chemical  compound  is  produced.  These  are  the  phen- 
omena of  combustion. 

Hydrogen  will  not  unite  with  most  raetiils.  For  a  few  ele- 
ments, it  has  great  attraction.  Hydrogen  combines  with  boiling 
sulphur,  and  has  a  strong  affinity  for  chlorina,  forming  hydrochloric 
acid,  HCl. 

Under  ordinary  conditions,  hydrogen  will  not  combine  with 
carbon,  but  there  are  hundreds  of  compounds  of  hydrogen  and 
carbon,  called  hydrocarbons,  CH^,  CjHg,  etc. 

Hydrogen  burns  in  oxygen  or  in  the  air  with  a  blue,  almost 
colorless  flame,  of  great  heat.  One  pound  of  hydrogen  will  give 
out  more  heat  in  burning,  than  will  a  pound  of  any  other  substance. 

As  to  its  being  a  substitute  for  air,  hydrogen  in  this  respect 
differs  radically  from  oxygen.  Hydrogen  will  not  support  animal 
life,  neither  will  it  support  combustion.  An  animal  placed  in  a 
room  filled  with  hydrogen  expires  almost  immediately.  If  a 
candle,  or  a  lighted  match  is  placed  in  a  jar  of  liydrogen,  it  goes 
out.  The  hydrogen  seems  to  deprive  the  animal  or  the  candle  of 
their  necessary  oxygen. 
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Compounds.  —  Compounds  contixining  hydrogen  are  exceed- 
ingly numerous ;  water,  acids  and  hydrocarbons  being  among  the 
most  common. 

Uses.  —  As  an  elementary  gas,  hydrogen  has  few  uses.  Its 
great  lightness  made  it  a  desirable  substance  for  balloons,  and  its 
great  heating  power  made  it  invaluable  for  the  oxy-hydrogen 
blow-pipe.  However,  on  account  of  the  high  cost  of  hydrogen, 
illuminating  gas  is  now  used  extensively  in  the  above  cases.  It 
is,  liowever,  used  by  the  chemist  as  the  unit  for  density  and  atomic 
weight,  and  as  the  standard  for  valence.  The  great  value  of 
hydrogen  is  in  its  compounds  rather  than  in  an  uncombined  state. 

Preparation.  —  The  chemist  can  obtain  hydrogen  in  many 
wa}'S.  As  water  is  composed  of  oxygen  and  hydrogen,  it  is  only 
necessary  to  decompose  water  into  its  constituent  elements.  This 
is  done  by  means  of  an  electric  current. 

The  most  common  way  to  produce  hydrogen  is  by  the  action 
of  sulphuric  acid  on  zinc.  However,  hydrochloric  acid  and  other 
me  tills  l)eside  zinc  can  be  used.  The  acid  should  be  diluted  some- 
what, so  that  it  will  readily  act  on  the  zinc.  The  chemical  change 
is  represented  by  the  following  reaction: 

Zn-f  H2SO,  =  ZnSO^  +  H^ 
65  +  98  =  161  +  2 

In  this  experiment,  zinc  has  changed  places  with  the  hydrogen 
and  the  hydrogen  is  left  without  anything  with  which  to  combine. 

Hydrogen  thus  produced  is  seldom  pure,  as  the  various 
8ul)stances  used  are  likely  to  contiiin  substances  which  give  some 
impurity  to  the  gas  thus  formed. 

WATER. 

Now  that  we  know  something  of  the  elements,  oxygen  and 
hydrogen,  we  can  study  the  most  important  compound  of  these 
two  elements. 

The  chemical  history,  properties  and  uses  of  water  are  both 
interesting  and  important,  and  if  treated  with  any  degree  of 
thoroughness  would  furnish  material  for  a  volume. 

Water  is  very  abundant ;  it  is  necessary  to  both  animal  and 
phint  life,  and  is  extremely  useful  to  man. 

As  to  its  abundance,  one  has  but  to  look  out  upon  the  ocean 
fioni  a  high  cliff  to  become  convinced  of  the  enormous  quantity. 
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The  oceans  cover  over  three-fourths  of  the  surface  of  the  earth, 
and  their  depths  may  be  measured  in  miles.  Besides  the  ocean, 
there  are  numerous  lakes,  rivers,  canals,  &c. 

Water  is  essential  both  to  animals  and  plants.  If  water  were 
banished  from  the  earth,  all  animals  would  die  almost  instantly, 
and  the  vegetables  would  soon  csase  to  grow.  The  blood  which 
courses  through  our  bodies  is  about  seven-eighths  water.  The 
hunaan  body  itself  is  more  than  half  water.  Vegetables,  wliich  form 
such  a  large  part  of  the  food  of  animals,  are  made  up  largely  of 
water.  Cucumbers  contain  about  97  per  cent,  water,  and  it  is 
said  that  some  forms  of  jelly-fish  have  been  found  to  contain  99.9 
per  cent,  of  water. 

Besides  being  necessary  to  the  existence  of  man,  water  aids 
him  in  many  ways.  The  oceans,  rivers  and  lakes  are  tlie  great 
highways  upon  which  man  carries  on  commerce.  Many  factories 
are  run  by  water-power.  But  to  the  engineer,  water,  as  water 
and  steam,  is  of  great  importance.  In  most  cases,  it  is  tlie  steam 
engine  that  furnishes  power  directly,  or  develops  it  to  be  trans- 
mitted by  electricity  or  by  compressed  air. 

Properties.  —  Water  exists  in  three  states,  solid,  liquid   and 

gaseous.     At  ordinary  temperature  (60°  F.)  it  is  a  liquid.     As 

it    is    cooled  it   contracts   slightly,    until   it   reaches    39.2"^    F. 

expanding     slightly    thence     to     the     freezing     point    32°    F. 

This    property    is    of     great    value ;    when    water     freezes    it 

expands,  and  as  it  then  occupies  a  greater  volume  it  becomes 

relatively  lighter.       On  this  account,   ice    rises   to    the   surface 

of  a  lake  and  stays  there   forming  a   covering  which  prevents 

the    water   from   becoming   uninhabitable    for   fish.     The     siime 

property  prevents  a  lake  from  becoming  a  solid  mass  of  ice  which 

could  not  be  melted  by  the  summer  sun.     The  expansion  at  the 

moment  of  solidification  also  causes  the  water  in  the  crevices  of 

rocks  and  in  the  soil  to  break  up  the  rocks  and  prevent  the  surface 

of  the  soil  from  becoming  hard. 

Let  us  consider  what  effect  water  has  on  the  climate.  The 
heat  of  the  sun  in  the  tropics  changes  water  into  vapor  ;  this  vapor 
is  carried  by  the  winds  to  the  colder  portions  of  the  earth  where  it 
is  condensed  and  falls  as  rain  or  snow.  In  order  to  turn  water 
into  vapor,  heat  must  be  applied  and  stored  up  in  the  vapor. 
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When  the  vapor  is  condensed  into  water,  heat  is  given  out  by  the 
vapor.  This  process  makes  the  tropics  cooler,  because  heat  is 
taken  from  the  atmosphere  and  absorbed  by  the  vapor,  and  makes 
the  cold  portions  of  the  globe  warmer  because  heat  is  evolved. 

Thus  the  circulation  of  vapor  is  like  a  steam  heating  plant. 
The  boilers  are  at  the  tropics,  and  the  condensers,  or  radiators,  ai-e 
all  over  the  globe.  The  sun's  rays  make  the  steam.  This  appar- 
atus has  the  same  principle  as  a  boiler,  but  it  works  without  tubes, 
shell  or  radiators. 

There  is  another  way  that  water  tends  to  regulate  the  climate. 
In  the  hot  days  of  summer,  the  water  of  a  lake  or  the  ocean 
becomes  warmer.  However,  it  takes  more  heat  to  raise  the 
temperature  of  water  one  degree  than  it  does  to  raise  the  land  one 
degree.  Thus,  the  water  will  absorb  a  large  amount  of  heat 
without  having  its  temperature  raised  to  the  extent  that  might  be 
expected.  In  hot  weather,  heat  is  absorbed  by  the  water,  but  its 
temperature  is  not  very  high,  and  as  its  temperature  is  low,  it  has 
a  tendency  to  cool  tlie  surrounding  land.  Now  in  cold  weather, 
the  store  of  heat  in  the  water  is  given  out  as  the  water  cools.  We 
may  say  that  tlie  ocean  or  a  large  lake,  is  a  great  reservoir,  storing 
up  the  heat  of  summer,  and  giving  it  out  in  winter.  This  is  the 
reason  why  tlie  temperature  near  the  ocean  is  not  subject  to  as 
great  variations  as  is  that  of  the  country  far  inland. 

We  know  that  water  is  formed  of  oxygen  and  hydrogen. 
This  is  true,  but  water  as  it  is  found  on  the  earth  is  never  abso- 
lutely pure.  The  fact  that  so  many  substances  readily  dissolve  in 
water  accounts  for  the  numerous  impurities.  As  rain  falls  from 
the  clouds,  it  absorbs  gases  and  solids.  When  it  flows  as  a  river, 
it  dissolves  small  quantities  of  the  substances  with  which  it  comes 
in  contact. 

There  are  two  kinds  of  impurities,  organic  and  inorganic. 
Organic  matter  usually  tinges  water  yellow.  Salts  in  spring 
waters  are  taken  from  the  rocks  and  soil  through  which  the  water 
flowed. 

Hard  Water. —  If  water  contains  lime  salts  or  magnesium 
salts  in  solution,  it  is  called  hard  water.  The  reason  why  it  is 
called  hard  is  because  of  its  action  on  soap.  Soft  water  forms  a 
lather  and  cleanses  the  skin,  but  hard  water  does  not  form  a 
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Fig.  4. 


lather;  the  soap  combines  with  the  salts  to  form  insoluble  lime  or 
magnesium  compounds  that  appear  as  a  scum  on  the  surface.  If 
water  contains  calcium  bi-carbonate,  CaHg  (003)2,  the  COg, 
may  be  expelled  by  boiling.  The  calcium  carbonate,  CaCO^  is 
precipitated  and  appeai-s  as  a  crust  or  scale.  If  the  water  contains 
calcium  sulphate,  CaSO^  it  may  be  softened  by  means  of  sodium 
carbonate,  Ka^CO,. 

Distillation.  Water  may  be  j)urified  by  distillation.  This 
process  consists  in  heating  water  to 
steam  and  then  condensing  the  steam. 
Since  most  of  the  impurities  are  less 
volatile  than  water,  the  sjilts  in  the 
solution  are  left  behind  making  the 
condensed  steam,  pure  water.  The 
apparatus  used  in  distilling  water  is 
called  a  still  and  consists  of  a  vessel 
for  heating  and  vaporizing  the  water 
(called  a  retort)  and  a  curved  tube 
(called  the  coil  or  worm)  for  cooling 
the  steam.  The  worm  is  surrounded  by  cold  water.  In  Fig.  4 
steam  enters  at  A  and  when  condensed  flows  out  at  B.  The 
cooling  water  entens  at  C  and  flows  out  at  I). 

Distilled  water  has  a  flat  taste  becauso  the  carbon  dioxide 
and  air  have  l>een  expelled. 

NITROGEN. 

Occurrence. — Nitrogen  is  a  gas  which  is  the  chemical  opposite 
of  oxygen.  Nitrogen  exists  in  the  air,  and  in  a  few  compounds. 
It  occurs  free  in  the  atmosphere,  of  which  it  is  alK)ut  77  per  cent, 
of  the  volume.  The  most  common  compounds  containing  nitrogen 
are  the  nitrates ;  potassium  nitrate  (KNO3),  and  sodium  nitrate 
(NaNOg).  Ammonium  compounds,  such  as  ammonium  chloride 
(NH^Cl),  ai-e  also  common. 

Organic  matter,  both  vegetable  and  animal,  contains  com- 
pounds of  nitrogen. 

Discovery. — Nitrogen  was  discovered  or  rather  recognized 
as  a  constituent  of  air  about  the  time  when  Cavendish,  Priestly, 
Scheele,  Lavoisier  and  other  noted  chemists  were  making  such 
wonderful  discoveries.     At  this  time  Rutherford  showed  that  after 
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animals  liave  breathed  in  a  certain  volume  of  air,  an  inert  gas  is 
left  behind. 

Lavoisier  named  the  gas  azote,  but  Chaptal  named  it  nitrogetiy 
because  of  its  existence  in  nitre,  KNO3. 

Physical  Properties. —  Nitrogen,  if  pure,  is  a  colorless,  taste- 
less and  odorless  gas.  It  is  a  little  lighter  than  air.  By  means 
of  intense  cold  and  great  pressure,  this  gas,  like  others,  has  been 
liquified. 

Chemical  Properties. —  The  most  striking  property  of  nitro- 
gen is  extreme  inactivity.  It  is  very  inert.  It  does  not  burn  nor 
does  it  support  combustion.  It  is  not  poisonous,  but  it  gives  no 
aid  in  supporting  life.  At  high  temperatures,  nitrogen  unites  with 
some  elements,  but  at  ordinary  temperatures  it  does  not  enter 
into  chemical  union  with  other  substances. 

Although  inertness  is  the  marked  characteristic  of  nitrogen, 
yet  this  element  is  a  constituent  of  many  compounds  which  are 
active  to  a  high  degree.  Among  these  are  such  explosives  as  gun- 
powder, nitro-glycerine  and  dynamite. 

Compounds. —  Many  important  compounds  contain  nitrogen. 
In  nature,  nitrogen  is  necessary  to  both  animal  and  plant  life.  It 
is  an  important  element  of  muscular  fibre  and  of  brain  material. 
It  is  a  constituent  of  ammonia  gas,  NH3,  and  of  a  large  number 
of  compounds  derived  from  it,  which  are  so  essential  to  plants. 

Ammonia. —  NH3  is  the  principal  compound  of  nitrogen 
and  hydrogen.  It  is  a  colorless  gas,  having  a  very  pungent  odor 
and  acrid  taste.  It  is  very  soluble  in  water.  Ammonia  can  be 
liquified  and  solidified  by  cold  a!Kl  pressure.  Upon  evaporating, 
ammonia  absorbs  heat,  thus  producing  cold  sufficient  to  freeze 
water.     This  property  is  made  use  of  in  Refrigerating  machines. 

Ammonia  and  hydrochloric  acid  form  ammonic  cliloride, 
NH^Cl,  a  salt  called  sal  ammoniac, 

NH,  +  HCl  =  NH.Cl. 

With  hydrogen  and  oxygen,  nitrogen  forms  nitric  acid. 
HNO3,  one  of  the  three  most  important  acids. 

Uses. —  The  principal  use  of  nitrogen  is  to  dilute  the  active 
oxygen  in  the  air  and  make  the  mixture  suitable  for  breathing. 
Also  on  account  of  the  dilution  of  the  oxygen,  the  nitrogen  pre- 
vents oxygen  fiom  having  too  rapid  action  in  combustion.     The 
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uses  of  this  gas  in  animal  and  plant  life  have  been  mentioned. 
Nitrogen  unites  with  oxygen  and  forms  several  oxides,  one  of 
which,  NjO,  is  called  laughing  ga^. 

Preparation.  — Nitrogen  may  be  prepared  from  air  by  sepa- 
rating the  other  constituents  from  it.  As  oxygen  is  the  other 
principal  element,  it  may  be  burned  out  by  means  of  phosphorus. 
As  the  air  is  confined  in  a  jar,  the  burning  phosphorus  withdraws 
the  oxygen  leaving  nitrogen.  The  union  of  oxygen  and  phos- 
phorus may  be  expressed  by  the  equation, 

2P  +  50  =  P205. 

The  P2O5  is  dissolved  in  water  leaving  nitrogen. 

Nitrogen  may  also  be  separated  from  oxygen  by  passing  dry 
air  over  red-hot  copper  confined  in  a  tube. 

Cu-fO  =  CuO. 

THE  ATHOSPHERE. 

The  atmosphere,  or  air,  which  surrounds  our  glol)e  is  a  vast 
ocean  of  gases.  Human  beings  and  other  land  animals  dwell  at 
the  bottom  of  this  ocean.  The  height  to  which  the  air  extends  is 
not  known  exactly.  Formerly,  it  was  supposed  to  extend  about 
50  miles  from  the  surface  of  the  earth ;  but  at  the  present  time 
some  people  think  it  extends  to  other  planets. 

Experiment  shows  that  the  density  of  air  diminishes  i*apidly 
as  one  ascends.  It  has  l)een  calculated  that  at  tlie  height  of  about 
40  miles  the  air  is  as  rare  as  in  the  so-called  vacuum  of  a  good 
air  pump.  This  calculation  seems  to  sliow  that  if  the  atmosphere 
extends  to  the  other  planets,  it  must  be  excee<Ungly  rare. 

Tlie  ancients  thought  there  were  four  elements,  earthy  air ^  fire 
and  water.  They  called  any  gas  air  in  the  same  way  that  any 
thin  liquid  was  water.  Until  Priestly  discovered  oxygen,  air  was 
considered  an  element.  Lavoisier  was  the  first  to  make  an  analy- 
sis of  the  atmosphere. 

Constituents. — There  are  five  principal  constituents  of  air. 
These  are  nitrogen,  oxygen,  argon,  water  (as  a  va[)or)  and  carlx)n 
dioxide.  Besides  these,  there  are  a  great  many  otlier  less  import- 
ant gases.  Nitn^n,  oxygen,  and  argon  are  called  the  permanent 
constituents,  because  their  proportion  is  very  nearly  constant. 
The  amount  of  water  is  very  variable.     Winds  from  deserts  con- 
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tain  but  little  moisture ;  during  the  rainy  season  the  atmosphere 
its  almost  constantly  at  the  dew-point. 

Suppose  the  air  contains  a  certain  amount  of  moisture.  Now 
as  the  temperature  of  the  air  is  lowered,  a  temperature  will  at 
length  be  reached  at  which  the  air  will  be  just  saturated  with 
moistuie.  Further  reduction  of  temperature  will  cause  a  part  of 
this  moisture  to  be  precipitated.  The  tempei^ature  at  which  the 
air  is  just  saturated  is  the  dew  point  for  the  air  under  considera- 
tion.    The  dew  point  varies  with  the  amount  of  moisture  in  the  air. 

Carbon  dioxide,  COg,  forms  3  or  4  parts  in  10,000  of  the 
atmosphere.  In  the  air  above  cities,  in  theatres,  and  in  crowded 
rooms,  the  percentjvge  is  much  larger.  Although  the  percentcige 
of  CO2  is  small,  yet  the  total  quantity  in  the  air  is  great. 

Of  the  permanent  constituents,  nitrogen  (the  inert  gsis) 
forms  about  four-fifths  of  the  whole  ;  oxygen  (the  active  element) 
forms  about  one-fifth,  and  argon  nearly  one  per  cent. 

Arg^on  is  a  comparatively  new  element,  being  discovered  in 
1894.  It  was  found  that  when  nitmgen  was  obtained  from  the 
atmosphere  it  was  ^  per  cent,  heavier  than  when  made  from 
chemical  compounds.  This  fact  lead  to  its  discovery.  Argon  is 
of  little  importance.  Its  resemblance  to  nitrogen  accounts  for  the 
late  discovery.  It  is  the  most  inert  of  all  known  substances,  and 
combines  chemically  with  no  elements.  It  is  more  soluble  in 
water  than  nitrogen,  and  has  been  liquified  at  — 121°  under  a 
pressure  of  about  750  pounds  per  square    inch.     It  freezes   at 

—  lor. 

Hesides  the  large  number  of  gases  found  in  the  atmosphere, 
there  are  minute  quantities  of  solid  materials  of  many  kinds. 
For  instance,  common  salt  is  blown  up  into  the  atmosphere  from 
the  waves  of  the  ocean  and  carried  far  inland. 

The  atmospheric  ocean  is  like  the  liquid  ocean  in  one  respect. 
While  rivers  flow  to  the  ocean,  they  carry  along  pulverized  rock, 
vegetable  matter,  impure  products  from  manufacturing  establish- 
ments and  washings  from  the  soil.  All  these  impurities  find  their 
way  to  the  ocean.  In  the  cjise  of  air,  all  living  animals  pour  out 
with  every  breath  from  the  lungs,  waste  materials  from  their 
bodies.  Wherever  fuel  is  burned  or  wherever  a  manufacturing 
plant  allows  the  escape  of  gases  or  vapors  or  pulverized  solids. 
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these  are  mingled  with  the  atmosphere.  Thus  the  air  is  a  grejit 
reservoir,  in  which  are  found  almost  all  gaseous  substances. 

The  various  constituents  of  air  exert  various  influences  upon 
it.  The  oxygen  is  the  active  constituent  ;  it  is  tlie  portion  nec- 
essary to  the  existence  of  animals  and  combustion. 

The  chief  duty  of  the  nitrogen  is  to  dilute  the  oxygen  and 
weaken  its  excessive  activities.  Let  us  consider  what  would 
happen  if  the  air  were  made  up  entirely  of  oxygen.  It  has  al- 
ready been  said  that  iron  and  other  metals  burn  in  pure  oxygen. 
Then  if  the  air  were  pure  oxygen,  the  heat  in  stoves  would  cause 
the  iron  to  burn  and  the  result  would  be  that  there  would  be  no 
restraining  the  conflagation.  The  influence  of  argon  is  practically 
the  same  as  that  of  nitrogen  which  it  so  strongly  resembles. 

The  moisture  in  the  air  is  of  great  value  to  animal  and  plant 
life.  We  know  that  water  has  a  great  capacity  for  retaining  heat. 
When  the  sun's  rays  penetrate  the  atmosphere,  some  of  the  heat  is 
absorbed  by  the  earth  and  then  imparted  to  the  air  above  it.  The 
moisture  in  the  air  hinders  the  escape  of  this  heat.  The  heat  thus 
imprisoned,  as  it  were,  greatly  aids  the  growth  of  animals  and 
plants.  The  earth  imparts  heat  only  to  the  layer  of  air  immedi- 
ately above  it,  as  is  shown  by  ascending  a  mountain ;  the  vegeta- 
tion maybe  luxuriant  at  the  base,  but  as  the  mountain  is  ascended, 
the  richness  of  vegetation  diminishes  and  a  height  is  soon  reached 
where  perpetual  cold  and  snow  prevail  ;  no  animals  exist  and  only 
the  lowest  forms  of  vegetation  can  be  found. 

The  glories  of  the  sunrise  and  sunset  are  due  to  moisture  in 
the  air.  The  light  shining  through  the  drops  of  water  that  float 
about  in  the  form  of  clouds,  produces  the  beautiful  effects. 

Carbon  dioxide,  the  fifth  important  constituent  of  air,  is 
formed  as  has  already  been  stated,  when  combustion  takes  place 
either  in  a  fire  or  in  animals.  When  an  animal  breathes,  minute 
particles  of  animal  tissue  are  burned,  and  one  of  the  products  of 
this  combustion  is  carbon  dioxide.  For  this  reason,  the  animal 
body  has  been  likened  to  a  furnace. 

On  account  of  the  large  number  of  animals  on  the  globe,  and 
the  immense  quantity  of  coal  that  is  burned,  one  might  think  that 
the  carbon  dioxide  by  continually  increasing  would  soon  form  a 
large   proportion   of   the    atmosphere.     Nature    has    wonderfully 
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provided  for  this.  The  carbon  dioxide,  which  is  the  waste  matter 
of  animals,  is  one  of  the  foods  for  plants.  Thus  the  trees  of  the 
forest  are  continually  taking  in  the  carbon  dioxide  and  giving  out 
pure  oxygen,  which  is  at  the  same  time  the  refuse  of  plants,  and 
the  life  giving  oxygen  which  animals  demand. 

CHEHISTRY  OF  AIR. 

On  account  of  the  abundance  and  importance  of  air,  it  has 
been  studied  with  great  care.  It  has  been  carefully  analyzed. 
Experiment  shows  that  air  seems  to  be  a  chemical  compound  by 
reason  of  one  fact  —  the  two  principal  constituents,  oxygen  and 
nitrogen,  have  been  found  to  exist  in  almost  constant  proportions. 
Every  other  consideration,  however,  seems  to  show  that  air  is  a 
mechanical  mixture. 

If  air  were  a  chemical  compound,  the  proportions  of  the 
constituents  would  not  vary,  T^ut  the  amount  of  oxygen  is  found 
to  vary  from  20.908  to  20.999  per  cent. 

Among  other  reiisons  for  thinking  air  a  mixture,  is  the 
following:  Suppose  air  were  composed  of  exactly  20  percent, 
oxygen  Jind  80  per  cent,  nitrogen,  then  the  symbol  would  be 
N^O.  If  four  volumes  of  nitrogen  are  mixed  with  one  volume  of 
oxygen,  the  mixture  behaves  like  atmospheric  air.  When  the 
gases  are  brought  together,  no  heat  is  either  liberated  or  absorbed ; 
also  there  is  no  condensation.  These  phenomena  are  observalile 
in  the  case  of  chemical  union.  An  investigation  of  the  vapor 
density,  also  sho^^s  tlie  air  to  be  a  mixture,  and  not  a  chemical 
compound. 

CARBON. 

Occurrence.  — Carbon  exists  in  nature  in  many  forms.  It  is 
seldom  found  pure  or  uti combined,  although  many  substances  are 
made  up  1  irgely  of  carbon.  Carbon  exists  in  three  distinct  forms ; 
amorphous  carbon,  graphite  and  diamond.  Amorphous  means 
not  crystalline.  Graphite  and  diamond  are  the  crystalline  forms. 
Although  these  three  forms  bear  no  resemblance  to  one  another, 
an  I  their  properties  differ  considerably,  yet  they  are  all  varieties 
of  the  same  element. 

Discovery.  —  Carbon,  as  charcoal,  was  thought  by  tlie 
phlogistonists  to  be  very  pure  phlogiston,  because  it  burned  leaving 
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but  little  residue.  Graphite  was  known  to  the  alcliemists;  penciU 
were  made  of  it  in  the  sixteenth  century.  In  1772,  Lavoisier 
burned  a  diamond,  thus  proving  that  it  was  not  quartz.  In  1796, 
equal  weights  of  diamond,  graphite  and  charcoal  were  burned, 
giving  equal  weights  of  carbon  dioxide,  COj.  This  pi-oved  tiiat 
all  these  three  substances  were  forma  of  carbon. 

AnORPHOUS  CARBON. 

Amorphous  carbon  exists  a-s  cliareoiil,  bone-coal,  iiunp-black, 
coke,  gas  ciiibon  and  mineral  coal.  Of  these,  mineral  coal  is  found 
in  the  earth,  the  other  forms  being  artificial  products. 

Charcoal  Is  probably  tlie  most  familiar  form  of  carbon. 
Gharcoiil  is  not  pure  carbon,  as  it  contain*  minerals  and  other 
impurities.  It  is  made  by  heating  wood  without  burning  it,  or 
only  partially  burning  it.  By  heating  wood  for  a  time  out  of 
contact  with  air,  the  compounds  which  form  the  fiber  are  broken 
ap  and  tlie  gases  driven  off  or  burned.  Tills  process  is  called 
distillation,  and  as  the  compounds 
are  destroyed,  it  is  sometimes 
called  destruclive  distillation. 

Charcoal  is  usually  prepared 
by  piling  wood  in  a  conical  heap 
as  shown  In  Fig.  5,  covering  it 
with  sods  and  earth  and  letting  it 
smoulder.  Small  openings  are  left 
for  air.  For  this  process  a  portion 
of  the  wood  is  burned  and  the  re^t 
only  charred.  The  heat  decom- 
poses the  wood,  expelling  the  volatile  gases.  The  product  is 
a  solid  which  consists  mainly  of  charcoal. 

Charcoal  is  a  black,  amorphous,  porous  snl>stiiuce,  having 
neither  taste  nor  odor.  It  is  insoluble  in  any  liquid,  and  cannot 
be  melted  or  vaporized  except  in  the  electric  furnace. 

Anitnal  ctiarcoal  is  uiade  by  treating  in  a  similar  manner 
animal  matter  such  as  waste  le.ttlier.  When  bones  are  burned, 
the  volatile  portions  (water,  ammonia  etc.)  are  driven  off,  and  the 
carbon  is  left  deposited  on  cabtum  phosphate.  This  product  is 
called  boiie>black,  and  is  used  in  refining  sugar. 
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Lamp-black  is  a  nearly  pure  form  of  uncrjstallized  carbon. 
It  is  made  by  partially  burning  turpentine,  oil,  tar,  resin  etc.,  and 
collecting  the  unburned  carbon  or  smoke. 

The  smoke  flows  into  a  chamber,  as  shown  in  Fig  6,  where 
the  sooty  material  collects  on  the  walls  and  floor.  It  is  scraped 
off  and  sold.     Lamp-black  is  used  in  printers'  ink,  black  paint,  etc. 

Coke  is  formed  from  soft  coal.  The  coal  is  distilled  upon 
the  same  principle  as  in  wood.  The  process  drives  out  the  volatile 
gases,  which  are  used  for  illuminating.  Like  charcoal  it  is  very 
porous,  but  requires  a  high  temperature  to  set  it  on  Are.  Coke  is 
U3ed  for  heating. 

Qas  Carbon  is  formed  in  the  manufacture  of  coke  and  illum- 
inating gas.     It  is  very  dense  and  hard. 

riineral  Coal  is  a  well-known  compound  of  carbon.  It  is  very 
abundant,  being  found  in  almost  every  country  in  the  world. 
The  United  States  has  by  far  the  largest  amount. 

Coal  w<i3  once  wood.  It  is  the  accumulated  masses  of  the 
remains  of  a  luxuriant  vegetation  of  an  early  period  of  the  history 
of  our  globe.  Many  centuries  ago  the  earth  contained  vegetable 
life  which  was  at  least  as  rank  as  it  is  to-day.  The  earth's  crust 
has  been  subject  to  upheaval  and  subsidence,  which  have  caused 
the  various  layers  to  be  contorted.  Plant  life  was  buried,  and  as 
time  went  on,  it  became  covered  with  earthy  matter,  thus  being 
subjected  to  pressure  and  also  to  a  slow  distillation  by  heat.  This 
action  of  heat,  pressure  and  percolating  waters,  changed  the  wood 
to  coal. 

Coal  is  found  in  two  distinct  varieties :  Anthracite  or  hard 
coal,  and  Bituminous  or  soft  coal. 

Anthracite  is  rich  in  carbon,  some  varieties  having  about  90 
per  cent.     It  seems  to  have   been  formed  from  soft  coal,  under 
conditions  of  pressure  and  tempei-ature  which  expelled  the  more 
volatile  constituents.      As  anthracite  coal  has   had  most  of  it/ 
volatile  gases  expelled,  it  burns  with  little  flame  and  will  ignit 
only  at  a  high  temperature.     It  is  used  for  heating  houses,  but 
is  more  expensive  than  soft  coal,  and  far  less  abundant. 

Bituminous  Coal  has  several  sub-varieties,  Cannel  a' 
Lignite.  They  are  not  as  pure  forms  of  carbon  as  bituminr 
coal.     Peat  is  a  low  form  of  li^jfuite  or  brown  coal.     Bitumin 
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coal  contains  less  carbon  than  Jiard  coiil,  but  U  richer  in  hydro- 
carbons. It  gives  off  considerable  smoke  and  burns  with  much 
flame  at  a  lower  temperature  than  anthracite.  On  account  of  the 
vohitile  gases,  it  is  much  used  for  making  ilhiminating  gas  and 
coke.  Cannel  coal  is  very  rich  in  liydrocarboiia,  but  is  very 
expensive. 

GRAPHITE. 
Graphite,  also  called  black-lead,  pIuiulK^jo,  etc.,  is  a  compact 
and  comparatively  pure  form  of  carbon.  It  ia  quite  altundant  and 
widely  distributed.  It  is  found  in  some  places  as  a  continuation 
of  beds  of  anthracite  coal  which  thus  indicates  its  origin.  Like 
coal,  graphite  seems  to  come  from  plant  life. 

Graphite  is  a  soft,  black  crystalline  mineral,  insoluble  in  any 
siibetance  at  ordinary  tempera- 
tures, and  is  almost  infusible. 
Graphite  is  a  good  lubricant.  It 
is  practically  infusible  and  unlike 
other  forms  of  carbon  can  \>e 
burned  only  at  the  highest  tem- 
peratures when  it  forms  carbon 
dioxide,  CO^. 

Carbon,  as  a  graphite,  is  very 
useful.  It  is  used  as  a  lubricant, 
for  facing  molds  for  iron  cast- 
ings, for  electrotype  facings,  lead 
pencils,  stove  polish  and  polish 
for  gunpowder.     On  account  of 

ifnslbility  and  incombustibil- 
ity, it  is  used  for  lining  crucibles 
in  which  iron  and  steel  are  melted. 
Coal  and  graphite  we  of  precisely  the  eanie  chemical  nature,  yet 
whilt;  coal  is  bnming  in  the  fire,  and  thus  f  urn  iaJiing  intense  heat  for 
meltingmetal8,thegrapIiite,of  which  thecrunible  is  made,  resists  heat 
and  combustion  and  while  allowing  the  metals  to  melt  preserves  them. 
DIAflONO. 

The  diamond  is  nearly  pure  cirbon  crystallized.  It  is  one  of 
the  most  wonderful  substjinces  known.  Diamonds  are  found  in 
only  a  few  places  on  the  earth,  and  are  not  abundant.     Since  the 
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time  of  the  ancient  Greeks  and  Romans,  the  diamond  has  been 
prized  on  ivecount  of  its  brilliancy,  rareness,  hardness  and  unctiange- 
ability.  The  largest  diamond  ever  found  weighed  less  than  half 
a  pound,  and  u  valued  at  over  half  a  million  d.dlars.  Diamonds 
are  cut  in  exact  geometrical  shapes  as  shown  in  Fig.  7,  by  splitting 
off  portions.  They  are  then  polished  by  rubbing  them  on  a  revolv- 
ing plate  upon  which  is  a  mixture  of  oil  and  diamond  dust. 

Diamond  is  the  hardest  substance  known  with  the  possible 
exception  of  the  artificial  product,  boron.  There  have  been  many 
attempts  to  make  diamonds  by  melting  carbon  and  then  letting  it 
crystallize.  By  fusing  carbon  with  iron,  minute  crystals  have 
been  produced. 

The  principal  use  of  diamonds  is  as  a  precious  stone.  Because 
of  its  hardness,  it  is  used  for  cutting  glass,  and  poor  varities  are 
used  in  rock  drills. 

OTHER  FORHS  OF  CARBON. 

In  addition  to  the  three  forms  of  carbon  already  briefly 
described,  it  exists  in  many  compounds  with  other  elements.  It  is 
found  in  the  atmosphere  in  carbon  dioxide  gas.  Also,  it  is  one  of 
the  importiuit  constituents  of  petroleum.  Marble  and  limestone 
contain  enormous  quantities  of  carbon.  These  minerals  consist 
largely  of  calcic  carbonate,  CaCOg.  Almost  all  animal  and 
vegetable  matter  contains  carbon. 

USES. 

The  uses  of  carbon  in  the  form  of  charcoal,  graphite  and 
diamond  have  already  l)een  mentioned;  but  some  of  the  more 
important  uses  are  woi-thy  of  discussion.  On  account  of  the 
inf usibility,  carbon  is  used  in  the  pencils  of.  arc  lights.  It  slowly 
burns  away,  but  this  is  expected  as  the  current  flowing  from  one 
pencil  to  the  other  gives  out  intense  heat  as  well  as  brilliant  light. 

Carbon,  whether  as  wood,  charcoal  or  bone-black,  has  a 
wonderful  power  of  decolorizing  liquids.  When  colored  solutions 
are  strained  through  a  quantity  of  one  of  these  forms  of  carbon, 
the  carbon  al>sorl)s  the  coloring  matter,  and  the  liquid  that  has 
passed  through  is  practically  colorless.  On  account  of  this  prop- 
erty, enormous  quantities  of  bone-black  are  used  for  whitening 
syrups  before  they  are  crystallized  to  sugar. 
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A  similar  property  to  this,  la  the  power  that  charcoal  has  of 

wrbing  offensive  gases.     Hence,  it  is  used  as  a  disinfectant.     If 

lAinted  meat  is  packed  in  freshly  burned  charcoal,  it  soon  loses  its 


COnPOUNDS. 

There  is  a  large  immlwr  of  compounds  of  carbon.  The 
Kin  vhy  the  number  is  so  great  is  that  the  valence  of  carbon  is 
four.  We  8HW  that  the  valence  of  hydrogen  is  one.  and  that  of 
bxygeii  Ls  two,  and  that  tliere  are  few  compounds  of  these  two 
^t-mente.  Nowascarbon  has 
r  IiooId*  w^ith  which  to  take 
lold  of  other  substances,  it 
HitiirMlly  takes  hold  of  a  great 
Buy. 

Although  carbon  is  very 
[nert  at  low  temperatures,  yet 
pt  high  tem{}eratures,  carlxtn 
■IrHivR  oxygen  away  fi'om  al- 
Bostall  known  elements.  It 
IQiui^  »how»  that  its  cheniicul 
I  is  superior  to  that  pos- 
1  by  any  of  tlieni. 
Carbon  unites  with  oxy- 
ftwining  carbon  nion- 
aidtv   CO,   and   carbon    di-  '^" 

ide  CO.J.     These  interesting  and  important  compound*  will  l)e 
•cussed  with  the  aubject  Comltustion,  with  which  they  are  so 
lately  connected. 
With  other  elements  carlion  furms  many  useful  and  impnitant 
inpoands.     Many  of  these  comiwnnds  l»eloiig  to  that  bifiiich  of 
n»noe    utltt^d    Organic    ('hemistry.      Organic    Cheniis)ry    was 
terty  considered  a.s  the  oheuustry  of  subetfinces  derived  from 
kisten4«8  that  possess  organs  such  as  animals  and  plants.     At 
tit,  liowevfr,  it  is  considered  to  be  the  chemistry  of  carbon 
I  its  compounds. 
Ttiia  snbjei't  is  of  such  an  extent  that  it  is  impossible  to 
I  it  here.     The  simple  fact  that  organic  compounds  include 
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vegetable  juices,  extracts,  gums,  resins,  essences,  acids,  oils, 
alcohols,  coloring  matter  and  many  others  is  an  indication  of  the 
extent  and  importance  of  this  branch. 

Most  of  the  substances  thus  named  are  compounds  of  hj^drogen 
and  carbon,  or  of  carbon,  hydrogen  and  oxygen. 

ILLUniNATINQ  QAS. 

Illuminating  gas  is  made  by  two  methods.  If  made  from 
carbon  and  water,  it  is  GB,Ued  water  gas  ;  if  made  by  the  destructive 
distillation  of  bituminous  coal,  it  is  called  coal  gas. 

Water  Qas. —  This  gas  is  extensively  used  at  the  present 
time  in  large  cities.  Thtj  process  of  manufacture  is  briefly  as 
follows:  Superheated  steam  is  passed  through  red  hot  anthracite 
coal,  and  the  gases  thus  formed,  collected.  Tlie  chemical  com- 
bination may  be  represented  by  this  reaction, 

HgO  +  C  =  CO  +  2H. 

The  coal,  which  is  contained  in  large  cylinders  (Fig.  8),  is 
set  on  fire,  the  combustion  being  accelerated  by  a  strong  air  blast 
at  A.  While  the  coal  is  thus  burning,  CO  and  COjj  are  formed, 
and  the  CO^  passes  off  through  the  hood  H.  When  the  coal  is 
burning  well,  or  is  inca  idescent,  the  air  blast  A  is  closed,  as  is 
also  the  top  of  the  cylinder  at  C.  The  valve  E  is  now  opened, 
and  the  superheated  steam  from  the  boiler  entera  the  cylinder, 
passes  up  through  the  burning  coal,  ani  the  products  CO  and  H 
(see  reaction)  pass  out  the  pipe  D  to  a  reservoir.  When  the 
steam  h  is  cooled  the  coal,  the  valve  E  is  closed,  and  the  coal 
again  heated. 

As  both  H  and  CO  burn  with  a  feeble  flame,  it  is  necessary 
to  mix  with  these  some  substance  which  will  make  the  gas  give 
more  light.  The  light-giving  constituents  are  usually  the  hydro- 
carbons obtained  by  distilling  naphtha  or  petroleum. 

Coal  Qas.  —  To  make  this  gas,  cylinders  called  retorts  made 
of  iron  or  fire  clay  are  filled  with  soft  coal  and  heated  to  over 
1000°  F.  by  a  coal  fire.  The  gases  formed  pass  upward  through 
the  exit  pipe  to  the  hydraulic  main,  which  is  a  large  pipe  through 
which  water  is  kept  flowing.  The  products  of  distillation  which 
pass  to  the  hydraulic  main  are  liquid,  semi-liquid  and  solid 
(hydrogen,  carbon  dioxide,  sulphur,  ammonium  compounds^  coal 
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tar,  &c)  ;  these  are  washed  and  some  of  them  deposited  in  the 

The  iosoluble  gaaea  pass  to  the  condensers,  which  are  a  series 
of  vertical  pipes  placed  ia  the  open  air.  As  the  gas  is  thus  cooled, 
txirj  liquids,  which  have  been  in  the  gas  in  the  form  of  a  yapor, 
are  deposited. 

Next  the  gas  flows  to  the  washers,  or  scrubbers,  where  it 
meets  a  falling  spray  of  water  wliiuh  by  absorbing  ammonia 
(NH3)  and  hydrogen  sulphide  H^S  Wiishes  the  gas.  It  then  goes 
to  the  purifiers,  which  are  large  iron  bosses 
with  a  large  number  of  shelves  on  which  is 
dry  quicklime,  CaO,  or  hydrated  ferric 
oxide.  The  quicklime  absorbs  H^S  and 
other  acid  gases.  The  gas  is  now  pure 
enough  for  use,  and  passes  into  the  latge 
tanks  called  gas  holders  from  which  it 
goes  to  the  consumers. 

Compostttoii.  —  When  coal  distilled 

gas  is  in  its  purest  condition,  it  in  a  very 

complex  substance  and  the  proportions  uf 

the  constituents  vary  somewhat.     About 

5  per  cent  is  made  up  of  hydrocarbons, 

BDch  as  C,Hj,  CgHg,  CjH^,  &c.     These 

hydrocarbons  are  the  light-giving  portions, 

COj  and  N  make  up  about  5  per  cent.  more. 

e«it  is  made  up  of  three  gases 
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Impurities,  such  as 
The  remaining  90  per 
hich  give  but  little  light.  These 
are  H  about  45  per  cent.,  CH^  about  40  per  cent.,  and  CO  about 
5  per  cent- 
Products. —  There  are  three  distinct  classes  of  products  of 
tile  distillation  of  coal ;  solids,  liquids  iind  gases.  The  solids  are 
left  in  the  retorts,  the  liquids  are  condensed  in  the  coolers,  and 
tin  gases  are  absorbed  by  quicklime  and  water,  and  pass  to  the 
gu-holder. 

The  solids  are  coke  and  gas  carbon.  Coke,  the  spongy  sub- 
stance left  in  the  retort,  is  a  form  of  carbon.  It  is  used  as  a 
fuel.  The  C*s  carbon  is  a  sort  of  scale,  and  is  used  for  the  cai*- 
bons  for  electric  lights. 

The  liquids  consist  of  complicated  mixtures  of  carbon  com- 
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pounds,  but  they  are  of  great  interest  and  importance.  When 
coal  gas  was  first  made,  these  liquid  products  were  thrown  away, 
bat  little  by  little  chemists  began  to  recognize  their  value,  aud 
now  they  are  very  useful  in  the  arts.  From  the  filthy  and  offen- 
sive coal-tar,  the  most  beautiful  and  brilliant  dye-stuffs  are  made. 
These  dyes  are  very  permanent.'  One  of  the  substances  from 
coal-tar  is  benzole,  a  compound  CgHg,  from  which  the  well-known 
aniline  dyes  are  produced.  The  preparation  of  these  dyes  from 
Hie  apparently  worthless  product,  coal-tar,  is  a  great  achievement. 

The  s^aseous  products.  —  The  gases  generated  in  the  process 
of  coal-giis  manufacture  are  numerous.  Some  are  combustible, 
but  have  little  illuminating  power,  such  as  hydrogen  and  carbon 
monoxide.  Others,  ethylene  (C2H^),  for  instance,  have  high 
illuminating  power.  Nitrogen  is  always  formed,  but  contributes 
nothing  to  the  value  of  the  gas.  The  sulphur  compounds,  H^S, 
etc.,  burn,  but  form  undesirable  oxides  of  sulphur. 

COMBUSTION. 

Combustion  is  a  rapid  chemical  combination  of  the  substance 
that  burns,  and  the  subst^mce  that  supports  combustion.  It  is 
usually  attended  with  light,  and  always  with  heat. 

The  two  principal  substances  that  bum  are  carbon  and  lij- 
drogen,  or  their  compoiiiuls  ;  the  supporter  of  combustion  is  oxy- 
gen. In  addition  to  the  two  substances  (the  one  that  burns  and 
the  supjwrter),  another  condition  is  necessary — a  tempei-ature 
sufficiently  high  for  the  union  of  the  substances. 

If  a  stove  is  partly  filled  with  wood  or  coal  (both  contain 
carbon  and  liydrogen),  and  the  doors  opened,  the  substances  will 
not  burn,  although  there  is  plenty  of  oxygen  suiTOunding  the 
lumps  of  coal.  If,  however,  the  temperature  of  the  coal  is  raised 
sufficiently  high,  the  wood  or  coal  burns;  or,  chemical  union 
takes  place. 

In  order  to  have  carbon,  hydrogen  or  sulphur  bum,  they 
must  be  set  on  fire  or  kindled.  In  other  words,  the  temperature 
of  the  substance  must  be  raised  to  a  certain  degree  before  it  will 
burn.  This  is  called  the  kindling  point,  and  the  kindling  point 
varies  for  different  substances. 
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Flame  indicates  the  combustion  of  a  liquid  or  gas.  Solids 
simply  glow  when  burning,  but  do  not  give  out  flame. 

Coal,  the  principal  fuel  used  in  engineering,  is  composed 
chiefly  of  carbon,  the  amount  varying  from  about  50  per  cent,  to 
85  per  cent.  In  addition  to  carbon,  coal  contains  compounds  of 
hydrogen  and  carbon,  called  hydrocarbons.  These  are  gases 
which  burn  with  both  light  and  heat.  The  third  constituent  of 
ooal  is  called  ash.  It  is  an  earthy  substance  which  remains  after 
the  burning  of  the  coal. 

As  already  stated,  combustion  is  a  rapid  chemical  combina- 
tion of  oxygen  with  carbon  and  hydrocarbons.  Oxygen  and  car- 
bon hive  a  very  strong  attraction  for  each  other  at  high 
temperatores,  and  unite  with  great  force,  producing  light  and 
heat 

When  coal  is  first  thrown  on  the  fire  or  placed  on  the  dead 
plate,  the  heat  from  the  fire  drives  ofif  the  hydrocarbons.  These 
gases,  being  combustible,  are  burned  above  the  fire  or,  as  in  the 
case  of  a  marine  boiler,  in  the  combustion  chamber.  In  order  to 
have  the  hydrocarbons  burn,  enough  oxygen  must  be  admitted  to 
unite  with  them,  and  the  temperature  must  be  sufficiently  high. 
If  these  hydrocarbons  do  not  burn,  because  of  low  temperature  or 
of  insuflScient  oxygen,  they  pass  up  the  chimney  and  a  large 
amount  of  available  heat  is  lost. 

After  the  hydrocarbons  are  driven  off,  the  solid  portion, 
coke,  is  left  on  the  grate  or  dead  plater.  To  burn  the  coke,  air 
(containing  oxygen)  passes  up  between  the  grate  bars  and  through 
the  spaces  between  the  pieces  of  coal. 

In  burning  both  hydrocarbons  and  carbon,  or  coke,  certain 
new  substances  are  formed,  which  are  called  products  of  combus- 
tion. These  are  gases,  carbon  dioxide,  CO^,  carbon  monoxide, 
CO  and  water,  HgO  (as  a  vapor). 

If  there  is  plenty  of  oxygen  present  when  hydrocarbons  and 
carbon  are  burned,  the  products  are  CO.^  and  H^O.  If  there  is 
iusufificient  oxygen,  the  products  are  CO  and  H2O. 

CARBON    DIOXIDE. 

This  important  and  interesting  gas  is  called  carbon  dioxide. 
carbonic  acid,  carbonic  acid  gas  and  carbonic  anhydrid.     Its  i:n- 
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portance  and  effect  on  animal  and  plant  life  have  already  been 
mentioned.  The  principal  natural  source  in  the  atmosphere  is 
the  combustion  of  fuel.  The  gas  is  made  up  of  carbon  and 
oxygen,  and  as  coal,  wood,  oil,  illuminating  gas,  etc.,  are  all  car- 
bonaceous substances  this  gas  is  formed  whenever  combustion 
takes  place. 

Carbon  dioxide  occurs  combined  in  all  carbonates ;  limestone, 
CaCOjj,  being  the  most  abundant. 

To  prepare  carbon  dioxide  it  is  only  necessary  to  cause  some 
acid,  as  hydrochloric  acid,  to  act  on  a  carbonate,  as  calcium  car- 
bonate, CaCOjj.  The  gas  thus  liberated  can  be  collected  and 
used  to  ascertain  its  properties.  The  action  of  the  acid  on  the 
carbonate  may  be  expressed  as  follows : 

CaCOg  +  2  HCl  =  CaCla  +  H^COg. 
The    lI.^CO.j   (carbonic  acid)  is  very    unstible   and   breaks    up 
almost  as  soon  as  formed  into  CO.^  and  H2O. 

H,CO„  =  H.,0  +  CO.,. 

Carbon  dioxide  is  formed  whenever  carbon  burns  with  plenty 
of  oxygen 

c  +  20  =  CO2. 

Carbon  dioxide  is  a  heavy  colorless  gas  with  a  pungent  odor. 
On  account  of  its  weight,  it  does  not  mix  readily  with  other  gases 
or  the  air,  but  collects  in  the  bottoms  of  wells  and  near  the  floors 
in  rooms.  CO^  does  not  support  combustion,  nor  is  it  a  supporter 
of  respiration. 

Formerly  it  was  thought  that  carbon  dioxide  was  poisonous, 
but  it  is  now  thought  that  CO^  causes  death  by  excluding  oxygen. 
The  fact  that  carbon  dioxide  is  baneficial  t )  the  system  if  taken 
into  the  stomach  shows  that  it  is  not  poisonous. 

CO.,  is  somewliat  soluble  in  water,  and  when  dissolved  in 
water  forms  with  it  a  weak,  unsttible  acid,  H^COg. 

The  principal  uses  of  carbon  dioxide  are  as  follows:  It  is 
used  in  making  soda-water  and  artificial  mineral  water.  Soda- 
water  is  simply  water  in  which  considerable  COg  is  dissolved ; 
carbon  dioxide  being  soluble  in  water.  It  is  also  used  in  chemi- 
cal engines,  becaase  it  does  not  support  combustion.  When 
HjSO^  unites  with  sodium  carbonate  NajCOg,  carbon  dioxide  is 
formed* 
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U^SO^  +  KajCO^  =  H3CO3  +  NajSO^. 
The    carbonic  acid,  H^COj,   immediately  breaks  uji   into  H^O 
and  CO^. 

The  action  of  yeast  in  bread-raiiiing  is  a  kind  of  fermentation  ; 
the  carbon  dioxide  and  alcohol  formed  cause  the  dough  to  niise 
and  make  the  bread  jiorous. 

CARBON   nONOXIDG. 

Carbon  monoxide  is  not  nearly  as  common  as  carbon  dioxide. 
The  reason  is  that  the  comi>ound  CO  contains  only  one-half  its 
much  oxygen  as  doe^  CO^  and  as  i 
is  only  half  saturated,  it  has  a  great 
affinity  for  oxygen.  On  account  ( 
the  activity  of  CO,  it  readily  combines  ~ 
with  oxygen  and  other  elemients. 

This  gas,  carbon  monoxide,  does 
not  occur  naturally  anywhere,  except 
in  case  of  combustion  in  a  limited 
amount  of  air.  It  forms  one  of 
the  principal  constituents  of  water 
gas. 

Carbonic  oxide  is  a  colorless  gas 
without    taste   and   with    but  little 
odor.     Its  chief  property  is  its  poisonous  nature.     It  is  the  (Iea<lly 
constituent  of  water  gas. 

As  has  already  been  stated,  carbon  dioxide  is  formed  when 
combustion  is  carried  on  with  aa  abundance  of  oxygen,  and  cai^ 
bon  monoxide  when  the  supply  of  oxygen  is  limited.  In  this 
connection  let  us  consider  the  ordinary  coal  stove,  (Fig.  9).  Air, 
containing  oxygen,  enters  through  the  lower  door  D,  and  since 
there  is  plenty  of  oxygen,  COj  i«  formed  in  the  zone  represented 
at  A. 

C  +  20  =  COj 

As  this  carbon  dioxide  rises  through  the  hot  coal,  where 
there  is  but  little  oxygen,  it  gives  uj)  orie-lialf  of  its  oxygen  to 
the  carbon  of  the  coat,  and  carbon  monoxide  is  formed  in  zone 
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When  the  gas,  CO,  reaches  the  surface  of  the  coal,  where  it 
meets  the  oxygen  which  hivs  entered  the  draft  plate  or  grid  in  the 
upper  door,  it  is  changed  to  COj. 

CO  +  O  =  COg 

There  is  one  great  difference  between  carbon  dioxide  and 
carbon  monoxide  that  is  of  importance  to  the  engineer.  COj  is 
not  combustible  while  CO  can  be  burned.  Let  us  see  how  this 
fact  affects  the  economy  of  a  boiler. 

If  the  air  supply  is  not  sufficient  to  form  carbon  dioxide, 
carbon  monoxide,  CO,  is  the  product.  This  gas  is  combustible, 
and  as  it  will  give  up  considerable  heat,  if  burned,  it  is  undesir- 
able to  have  it  piiss  unburned  up  the  chimney.  This  loss  is  pre- 
vented by  burning  the  coal  with  mom  oxygen. 

We  thus  see  the  nec«issity  of  admitting  sufficient  air  to  the 
coal,  if  we  wish  to  run  our  boiler  economically.  However,  we 
cannot  open  the  doors  and  let  in  an  unlimited  supply  of  air,  be- 
cause too  much  air  is  a  source  of  loss,  a^  we  shall  see  later.  How 
then  are  we  to  know  how  much  air  to  admit?  While  the  fireman 
is  shovelling  coul  and  regulating  the  dampera,  he  cannot  ^top  to 
figure  out  the  amount  of  air  he  should  use  or  is  using,  but  he 
judges  the  right  amount  from  the  appearance  of  his  fire,  and  the 
smoke  that  issues  from  the  chimney. 

By  knowing  a  few  principles  of  chemistry,  and  the  chemical 
composition  of  the  coal,  we  can  ciilculate  the  amount  of  air  the- 
oretically necessary  to  burn  the  coal  economically. 

A/VIOUNT  OF  AIR  NECESSARY  TO  BURN  FUEL. 

Air  is  composed  of  about  77  perjcent.  of  nitrogen  and  argon, 
and  23  per  cent,  of  oxygen.  The  oxygen  is  the  only  element 
that  aids  combustion ;  therefore,  if  one  pound  of  air  is  admitted 
to  the  ashpit,  only  about  one-foui-th  of  a  pound  of  oxygen  aids 
combustion ;  the  three-fourths  of  a  pound  of  nitrogen  is  inert. 
The  nitrogen  is  of  no  aid,  but  is  a  source  of  loss  because  it  must 
be  heated  to  the  same  temperature  as  that  of  the  oxygen.  For 
every  pound  of  air  admitted  in  excess  of  the  amount  necessary, 
three-fourths  of  a  pound  of  nitrogen  takes  heat  from  the  coal. 
Thus  we  see  that  the  regulation  of  the  air  supply  is  exceedingly 
important. 
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If  the  proper  amount  of  air  is  admitted,  the  hydrocarbons 
and  carbon  are  burned,  forming  water  (in  the  form  of  steam)  and 
carbon  dioxide.  These  gases,  the  products  of  combustion,  to- 
gether with  heated  nitrogen  and  smoke,  pass  up  the  chimney. 

Carbon  Dioxide. 

We  have  already  learned  that  the  product  obtained  by  burn- 
ing carbon  in  oxygen  is  carbon  dioxide  g.vs,  COg.  This  gas  is 
composed  of  12  parts  carbon  and  32  parts  oxygen. 

C  =  12,  O2  =  2  X  16  =  32. 

Now,  since  32  parts  are  oxygen  and  12  parts  are  carbon,  3| 
pounds  of  oxygen  are  necessary  in  burning  one  pound  of  carbon. 
In  other  words,  for  every  pound  of  carbon  that  is  burned  in  the 
furnace,  ||  =  2|  =  2.67  pounls  of  oxygen  must  be  supplied  to 
obtain  the  product  COg.  Air  contains  but  23  per  cent,  of  oxy- 
gen ;  then  to  obtain  2.67  pounds  of  oxygen  from  the  air,  2.67  -r 
.23  =  11.6  pounds  must  be  used. 

We  have  said  that  11.6  pounds  of  air  furnishes  2.67  pounds 
of  oxygen.  It  is  evident  that  the  remvinJer  is  nitrogen;  or  11.6 
—  2.67  =  8.93  pounds  of  nitrogen  are  also  obtained.  Thus  if 
one  pound  of  carbon  is  burned  in  11.6  pounds  of  air,  the  pro- 
ducts are  one  pound  of  carbon,  2.67  pounds  of  oxygen  (making 
3.67  pounds  of  CO 2)  and  8.93  pounds  of  nitrogen. 

1  lb.  C  +  2.67  lbs.  O  +  8.93  lbs.  N  -   12.6  lbs. 

This  is  the  manner  in  which  the  11.6  pounds  of  air  and  1 
pound  of  carbon  unite. 

We  may  say  in  brief  that  to  completely  hum  one  pound  of 
"Carbon  we  must  use  11.6  pounds  of  air.  From  this  2,67  pounds 
of  oxygen  are  used  in  combustion  and  8,93  pounds  of  nitrogen  pass 
^p  the  chimney  without  aiding  combustion. 

Water. 

The  product  obtained  by  burning  carbon  is  carbon  dioxide ; 
^f  hydrogen  is  burned,  the  product  is  water,  HgO.  We  know 
"^t  water  is  2  parts  hydrogen  and  16  parts  oxygen. 

H  =  1,  Hg  =  2,  O  1=  16. 

Then  one  pound  of  hydrogen  requires  A^  =  8  pounds  of 
^ygen.     To  obtain  8  pounds  of  oxygen,  34.8  pounds  of  air  are 
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necessary,  because  air  contains  23  per  cent,  oxygen  and  8  -f-  .23 
=  34.8. 

If  one  pound  of  hydrogen  is  burned  in  air,  34.8  pounds  of 
air  will  be  required,  and  we  will  get  as  products  8  pounds  of 
oxygen  and  1  pound  of  hydrogen  (making  9  pounds  of  water) 
and  34.8  —  8  =  20.8  pounds  of  nitrogen. 

1  lb.  II  +  8  ll)s.  O  -f  26.8  lbs.  N  =  35.8  U«. 

To  rouiplt'tefi/  burn  one  pound  of  hydrogenj  we  must  tcse  34-^ 

pounds  of  air.      Of  this  S  pounds  of  oxytjen  are  used  in  combustion^ 

and  26,8  pounds  of  nitroyen  pass  up  the  chimney  without  aiding 

combustion. 

Carbon   flonoxide. 

If  the  combustion  is  not  complete,  the  product  is  CO  instead 
of  CO2.  We  see  that  this  is  so  because  in  equal  amounts  of  CO 
and  COo,  there  is  but  one-half  as  much  oxygen  in  the  former  as 
in  the  latter.  As  there  is  only  one-half  as  much  oxygen  in  CO 
as  in  CO^,  it  takes  only  one-half  as  much  oxygen  to  burn  carbon 
to  CO  iis  it  does  to  CO.^.  Wo  know  that  11.6  pounds  of  air  are 
necessary  to  burn  carbon  to  COg  ;  therefore  to  burn  it  to  CO 
only  ^l^  =  5.8  pounds  of  air  are  necessary. 

If  one  pound  of  carbon  is  burned  to  CO,  5.8  pounds  of  air  are 
necessary.  Of  this  S.8  pounds  of  air^  1.33  pounds  of  oxygen  are 
used  in  combustion^  and  J^.J^y  pounds  of  nitrogen  pass  up  the 
chimney. 

The  quantities  of  air  required  for  combustion  are  as  follows  - 
To  burn  one  pound  of 

Carbon  to  CO.,  requires  11.6  pounds  of  air. 
Carbon  to  CO  requires  5.8  pounds  of  air. 
Hydrogen  to  II^O  requires  34.8  pounds  of  air. 

Coal  is  com[)osed  of  hydrogen,  carlx)n  and  a  small  amount  of 
incombustil)le  matter. 

From  the  above  we  can  calculate  how  much  air  is  theoreti- 
cally necessary  to  burn  a  pound  of  coal,  it  we  know  the  amount 
of  carbon  and  hydrogen  in  the  coal. 

Suppose  we  have  a  coal  composed  of  the  following; 

Carbon,  85  per  cent. 
Hydrogen,  10  per  cent. 
Ash,  6  per  cent. 
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Since  it  takes  11.6  pounds  of  air  to  burn  1  pound  of  carbon 
to  CO3,  it  would  take  11.6 X. 85=9.86  pounds  of  air  to  burn  the 
carbon  in  1  pound  of  coal. 

To  burn  the  hydrogen,  3.48  pounds  of  air  are  necessary 
because  34.8  pounds  are  necessary  Jo  burn  1  pound  and 
34.8  X. 10=3.48. 

Hence,  it  takes  9.86+3.48=13.34  pounds  of  air  to  burn  one 
pound  of  coal  of  the  above  composition. 

To  find  the  amount  of  air  theoretically  necessary  to  burn  one 
pound  of  any  fuel,  we  find  the  amount  required  to  burn  the  car- 
bon by  multiplying  the  percentage  of  carbon  by  11.6,  and  the 
amount  required  to  burn  the  hydrogen  by  multiplying  the  percent- 
age of  hydrogen  by  34.8.  The  sum  of  these  two  results  is  the 
desired  quantity. 

EXAMPLE  FOR  PRACTICE. 

A  certain  kind  of  coal  contains  87  per  cent  of  carbon,  8  per 
cent  of  hydrogen,  and  5  per  cent  ash.  How  many  pounds  of  air 
will  be  required  to  burn  one  ton  (2000  pounds)  ? 

Ans.  25,752  pounds. 

METALS. 

Such  elements  as  carbon,  nitrogen  and  sulphur  when  com- 
bined with  oxygen  and  hydrogen  form  acids:  carbonic  acid  H2CO3, 
nitric  acid  HNO3,  sulphuric  acid  II,SO^.    In  addition  to  elements 
of  this  class — which  we  call  non-metals^ — there  is  a  very  large  and 
important  class  of  elements  called  vudaU^  with  which  hydrogen 
and  oxygen  form  hasic  substances.     These  basic  compounds,  such 
as  sodium  hydroxide  NaOII,  calcium  hydroxide  Ca(OH),  and  ferric 
hydroxide  Fe(OH)3,  combine  readily  with  acids  and  destroy  the 
peculiar  properties  of  the  acids,  at  the  same  time  losing  their  own 
peculiarities.     The  new  substance  thus  formed  is  a  salt;  water  is 
always  set  free,  as  shown  by  the  equation : 

Ca(OH),  +  H^SO,  =  CaSO,  +  2Iip, 

in  which  calcium  hydroxide,  or  slacked  lime,  is  represented  as  com- 
bining with  sulphuric  acid  to  form  calcium  sulphate,  which  when 
^talized  with  water  is  called  gypsum.  This  formation  of  hydrox- 
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ides,  which  neutralize  acids  and  thus  form  salts,  is  the  characteris- 
tic chemical  property  of  metaJs, 

SODIUM. 

This  is  the  most  common  and  important  of  a  group  of  soft, 
silvery- white  metals,  which  may  be  readily  cut  with  a  knife,  and 
which  rapidly  tarnish  in  air.  The  other  members  of  the  group  are 
lithium,  potassium,  rubidium  and  caesium.  Of  these,  potassium 
alone  is  sufficiently  abundant  to  be  technically  important  at  present. 

Occurrence. — Sodium  occurs  abundantly  in  nature  in  the  com- 
pounds sodium  chloride  or  common  salt,  and  sodium  nitrate  or 
Chili  saltpetre.  Many  other  compounds  of  it  are  found  in  smaller 
quantities.  Common  salt  forms  immense  beds  in  many  parts  of 
the  world,  and  at  various  depths  from  the  surface  of  the  earth.  It 
constitutes  the  chief  saline  matter  in  sea  water,  and  in  the  water  of 
such  bodies  as  the  Great  Salt  Lake  and  the  Dead  Sea. 

Discovery  and  Preparation. — Sodium  was  first  isolated  by 
Sir  Humphry  Davy  in  1807,  by  the  electrolysis  of  molten  sodium 
hydroxide,  and  after  a  century  of  experimenting  we  have  returned 
to  this  as  the  best  method  for  its  production,  due  to  the  reduction 
in  the  cost  of  electric  power.  In  the  Castner  electrolytic  process 
the  sodium  hydroxide — or  caustic  soda  as  it  is  called — is  melted  in 
an  iron  vessel  through  the  bottom  of  which  passes  a  negative  elec- 
trode of  graphite.  To  prevent  the  oxygen  of  the  air  from  reach  in  a 
the  sodium,  an  iron  cylinder  closed  at  the  upper  end  is  placed  over 
the  cathode  so  that  its  mouth  dips  into  the  liquid  electrolyte.  The 
sodium  and  hydrogen  set  free  at  the  cathode  rise  together  to  the 
surface.  The  gas  escapes  by  bubbling  out  beneath  the  edge  of  the 
cylinder  while  the  metal  remains  floating  upon  the  fused  caustic 
soda.     The  outer  iron  vessel  serves  as  an  anode. 

Alkalies. — The  term  alkali,  which  is  applied  to  the  metals  of 
this  group,  and  sometimes  also  to  their  hydroxides  and  carbonates, 
was  originally  used  to  denote  the  salt  obtained  by  treating  the  ashes 
of  plants  with  water.  From  the  ashes  of  land  plants  we  obtain 
chiefly  carbonate  of  potassium,  which  in  the  crude  state  is  called 
potash  from  the  method  of  its  preparation.  The  ashes  of  seaweeds 
yield  chiefly  carbonate  of  sodium. 

Properties* — As  above  stated  sodium  is  a  soft  white  metal, 
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readily  moulded  by  the  fingers  at  ordinary  temperatures.  It  is  not 
affected  by  perfectly  dry  air  or  oxygen.  It  floats  on  water,  decom- 
posing the  water  touching  it,  setting  free  the  hydrogen  (which 
may  be  ignited),  and  forming  sodium  hydroxide  which  dissolves  in 
the  water. 

2Na  +  2H,0  =  2NaOH  +  H, 

The  moisture  of  the  atmosphere  produces  a  film  of  sodium 
hydroxide  which  rapidly  follows  the  knife  when  the  bright  metallic 
surface  is  exposed.  By  a  further  step  the  carbon  dioxide  in  the  air 
changes  the  surface  to  sodium  carbonate. 

Important  Compounds. —  With  Oxxjgen:  The  only  important 
oxide  of  sodium  is  the  peroxide  I^a^O^  which  is  formed  by  heating 
sodium  to  300''C  (572°  F.)  in  dry  pureair,  or  by  burning  sodium  in 
oxygen.  It  is  a  yellowish- white  solid  w^hich  decomposes  in  contact 
with  water  with  considerable  rise  of  temperature,  and  the  formation 
of  sodium  hydroxide  and  oxygen. 

Na^,  +  II,0  =  2XaOH  +  O 

When  slowly  added  to  water  or  to  dilute  acids,  hydrogen  peroxide 

is  forixied 

Na,0.,  +  2Hp  =  2NaOH  +  H,0, 

Na/),  +  211(1  =  2NaCl  +  H,0, 

It  is  thus  a  powerful  oxidizing  agent  in  either  acid  or  basic  solu- 
tions, and  is  used  for  bleaching. 

With  Oxygen  and  II]j(lro(jeii, — Sodium  hydroxide  (Caustic 
Soda — NaOH).  As  already  stated,  this  compound  is  formed 
when  sodium  or  sodium  peroxide  comes  in  contact  with  water.  It 
is  manufactured  in  large  quantities  by  the  action  of  slaked  lime  on 
a  boiling  solution  of  sodium  carbonate. 

Na.,C03  +  Ca(OH),  ^r.  CaC03  +  2NaOII 

The  calcicum  carbonate  is  almost  insoluble,  while  the  sodium 
hydroxide  solution  is  drawn  off  and  evaporated  for  the  market.  It 
is  now  made  quite  largely  by  the  electrolysis  of  brine,  the  chlorine 
being  collected  for  the  manufacture  of  bleaching  powder,  and  the 
sodium  acting  on  the  water  to  form  the  hydroxide. 

2NaCl  =  Na.  -f  CI, 

lia,  +  2H,0  =  2NaOH  +  H, 
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Sodium  hydrate  is  a  white,  deliquescent  (water  absorbing)  solid, 
strongly  alkaline  and  caustic.  It  is  largely  used  in  the  manufactures, 
especially  in  soap  making.  The  salts  of  sodium  are  of  great  com- 
mercial importance,  many  of  them  being  made  in  enormous  quanti- 
ties.    The  starting  point  for  their  manufacture  is  common  salt. 

Sodium  Chloride^  or  common  salt,  is  dug  as  rock  salt  from 
the  great  natural  beds  in  Austria,  Germany,  Spain,  Louisiana, 
New  York,  and  elsewhere.  It  is  also  obtained  by  the  evaporation 
of  the  water  of  the  ocean  or  of  salt  springs  and  wells,  by  the  heat 
of  the  sun  or  by  artificial  heat. 

Sodium  Curh(nutti\  (soda,  washing  soda,  sal-soda)  is  next  to 
the  chloride  the  most  important  salt.  It  occurs  in  nature  in  the 
alkaline  beds  and  waters  of  Egypt,  America,  and  elsewhere.  The 
ash  of  sea  weeds  was  the  former  ^source  of  it;  now  it  is  manu- 
factured in  great  quantities  by  either  the  Le  Blanc  process,  or  the 
Solvay  process,  or  the  electrolytic  process.  The  first  was  discov- 
ered by  Le  Blanc  in  France  in  1794,  and  consists  of  three  parts. 
In  the  first  place  common  salt  is  warmed  with  strong  sulphuric 
acid  in  a  shallow  iron  pan  in  a  salt  cak^  furnace,  forming  acid 
sodium  sulphate  and  hydrogen  chloride  gas. 

2NaCl  +  II^SO,  =  NallSO,  +  NaCl  +  HCl 

The  hydrogen  chloride  passes  off  and  is  absorbed  by  water,  form- 
ing the  hydrochloric  acid  of  commerce.  The  mixture  of  sodium 
hydrogen  sulphate  and  sodium  chloride  is  then  raked  into  another 
part  of  the  furnace  and  heated  until  the  remaining  hydrogen  of 
the  sulphate  has  been  replaced  by  sodium,  forming  the  salt  cake, 

NallSO,  +  NaCl  =  Xa.SO,  +  HCl 

The  hydrogen  chloride  is  alisorbed  as  l>efore.  Purified  salt  cake  when 
crystallized  is  known  as  Glauber's  Salt.  The  second  step  is  to  mix  the 
salt  cake  with  crnshed  coal  and  with  calcium  carbonate  in  the  form  of 
pure  lime  stone  or  chalk,  and  heat  the  mass  in  a  hlack  ash  furnace. 
Here  the  carbon  of  the  coal  reduces  the  sodium  sulphate  to  sul- 
phide, which  is  acted  on  by  the  calcium  carbonate  forming  calcium 
sulphide  and  sodium  carbonate. 

Xa^SO,  +  2C  =  Na^S  +  2C0, 
Na^S  +  CaC03  =  Na^CO^  +  CaS 

The  product  is  called  Black  Ash.     This  is  next  leached  or  lixivi- 
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ated  in  tanks  with  water,  the  arrangement  being  such  that  the 
nearly  saturated  water  acts  on  fresh  black  ash,  while  the  fresh 
water  extracts  the  last  of  the  sodium  carbonate  from  the  nearly 
exhausted  ash.  Carbon  dioxide  is  now  blown  through  the  liquid 
to  change  to  the  carbonate  any  sodium  hydroxide  that  may  be 
present.  Then  in  shallow  tanks  the  solution  is  evaporated  to 
dryness  by  waste  heat  from  the  furnaces,  and  the  crystals  calcined 
and  purified.  This  yields  the  ealeiiied  2>^^f*!fit'd  soda  or  soda  ash 
of  commerce.  If  this  is  dissolved  in  warm  water,  the  impurities 
allowed  to  settle,  and  the  clear  solution  drawn  off  and  crystallized 
at  the  temperature  of  the  atmosphere,  we  ol)tain  sfnhf  rrt/sfdh  or 
sal-soda  of  the  formula  Na^COg  •  10  11/),  containing  about  60  per 
cent  of  water.  From  this  Baking  Soda  or  so/7rnm  hlcarhonnte — 
NaHCOj, — can  be  made  by  exposing  the  crystals  on  a  grating  to  the 
action  of  carbon  dioxide. 

CO,  +  Na.CO^  .  10  11.0  ==  2NaIlCO,  +  OH^ 
The  excess  of  water  runs  away  through  the  grating.  The 
Ammonia-Soda  process  or  Solvay  process  was  invented  by  Dyar  & 
Hemming  in  England  in  1838,  but  did  not  become  a  commercial 
success  until  after  1863,  when  the  Belgian  chemist  Solvay  con- 
structed an  apparatus  which,  with  later  improvements,  promised 
to  manufacture  the  greater  part  of  the  world's  6uj)ply  of  soda. 
The  condition  which  makes  the  process  possible  is  that  sodium 
bicarbonate  is  but  ^lightly  soluble  in  a  cold,  concentrated  solution 
of  ammonium  chloride.  When  therefore  carbon  dioxide  is  pumped 
into  the  base  of  a  tower,  nearly  filled  with  a  cold  concentrated 
solution  of  comnlon  salt  saturated  with  ammonia,  we  have  sodium 
bicarbonate  formed  as  small  crystals  which  gradually  sink  to  the 
bottom  of  the  tower.  It  is  removed  and  freed  from  licjuid  l)y 
centrifugal  machines  or  filter  pumps. 

NaCl  +  NII3  +  CO.,  +  11,0  =  NaHCO^  +  NH.Cl 
The  temperature  is  kept  at  35'  V.  (95^  F.)  by  the  circulation  of 
cold  water  in  pipes.  Part  of  the  carbon  dioxide  is  prepared  by 
heating  limestone  in  s|)ecial  limekilns,  and  the  lime  thus  produced 
is  used  for  settinor  free  the  ammonia  from  the  ammonium  chloride, 
so  that  it  may  be  used  again. 

CaCO,  =  CaO  +  €0. 

2NH,C1  +  CaO  =  CaCl,  +  11,0  +  2NH, 
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A  large  portion  of  the  sodium  bicarbonate  is  calcined  to  form 
normal  sodium  carbonate,  and  from  this  action  carbon  dioxide  is 
also  obtained  for  use  in  the  carbonating  tower. 

2XaIIC03  heated  =  Na,CO,  +  11,0  +  CO, 

The  only  waste  produced  is  calcium  chloride. 

Where  electricity  can  be  obtained  cheaply,  the  production  of 
sodium  hydroxide,  as  mentioned  above,  by  electrolysis  of  a  solution 
of  common  salt,  and  from  it  sodium  carbonate,  promises  to  become 
a  possible  rival  to  the  older  methods. 

Two  classes  of  apparatus  are  used.  In  one  the  sodium,  as 
set  free  at  the  cathode,  is  absorbed  by  a  liquid  metal,  mercury  or 
molten  lead,  and  this  alloy  is  presently  decomposed  by  water  or 
steam,  yielding  sodium  hydroxide  and  hydrogen.  In  the  other 
form,  the  chlorine  is  set  free  by  an  anode  at  the  upper  surface  of 
the  brine  and  prevented  from  combining  with  the  caustic  soda 
around  the  cathode  at  the  bottom  by  a  porous  diaphragm  of  asbestos 
or  similar  material.  The  chlorine  is  used  for  making  bleaching 
liquids  or  |X)wder. 

Sodium  Nitrate^  (NaNOa) — or  Chili  saltpetre — is  found  in 
immense  quantities  in  ('hili,  mixed  with  other  salts,  in  the  caliche 
beds.  It  is  purified  by  solution  and  crystallization,  and  exported 
for  the  manufacture  of  nitric  acid,  potassium  nitrate,  and  fertilizers. 

Sodium  PhoHphite^  (Na^IIPO^  •  12  II^O)  is  made  by  adding 
sodium  carbonate  to  a  solution  of  calcium  phosphate  and  evap- 
orating. It  is  a  crystalline  salt  containing  over  60  per  cent  of 
water. 

Sodium  ThioHulphate^  (  Na.^S./)3  •  "5  II^O  )  commonly  called 
sodium  ''  hyposulphite,"  or  **  hypo,''  is  largely  used  in  photc^raphy 
as  a  fixiiuj  agent,  to  dissolve  away  the  excess  of  silver  salt  on  a 
developing  plate.  It  does  this  l)y  forming  a  double  thiosulphate  of 
silver  and  sodium,  which  is  soluble  in  water,  and  therefore  removed 
by  the  washing.  It  is  also  used  to  remove  excess  of  bleaching 
powder  from  materials  bleached  with  chlorine.  In  its  manufact- 
ure caustic  soda  or  sodium  sulphite  solution  is  treated  with  sulphur. 

Na,SC),  -(    S  -:  Na,S,(), 

ONaOH  +  48  =  Na"s,(),  +  2Na,S  +3H,0 

CAIXIUM. 

As  sodium  may  be  taken  as  the  type  of  a  group  of  metals  com. 
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j)ri8ing  also  lithiuin,  potassium,  caesium  and  ribidium,  so  calcium, 
in  its  proj)erties  and  compounds,  is  the  familiar  representative  of  a 
^oup,  of  which  the  other  members  are  strontium  and  bariuni. 
Iferyllium  and  maornesium  are  very  closely  related  to  this  group, 
and  many  of  the  statements  regarding  the  compounds  of  calcium 
are  true  of  Hiagnesium  as  well. 

Occurrence. — Calcium  is  one  of  the  ten  principal  constituents 
of  the  earth's  crust.  Carbonate  of  calcium — CaCO,, — is  found  in 
particularly  large  quantities  in  nature  as  limestone,  marble,  chalk, 
and  calcite.  Marl,  which  is  used  in  making  Portland  Cement,  is 
largely  calcium  carbonate.  Mountain  limestone  or  dolomite,  con- 
sists of  a  double  carbonate  of  calcium  and  ma^jnesium — CaCO.* 
Mg(yO,.  Many  of  the  crystalline  minerals,  as  feldspar  and  mica, 
contain  calcium  silicate.  The  sulphate  occurs  in  great  deposits,  as 
gypsum  and  alabaster,  (^alcium  phosphate  is  an  important  con- 
stituent of  artificial  fertilizers,  and  occurs  as  the  minerals  apatite 
and  phosphorite. 

Preparation. — No  important  u«e  has  yet  been  found  for  the 
metal  calcium,  so  that  its  preparation  is  of  chemical  interest  only. 
Its  use  in  place  of  aluminium  is  proposed,  in  steel  making,  to  take 
out  impurities  and  assist  in  the  production  of  s(mnd  ingots.  It  cm\ 
be  made  by  decomposing  dry  fused  calcium  iodide  with  red-hot 
Bodium,  and  also  by  electrolyzing  the  icniide  or  chloride  in  a  manner 
similar  to  that  in  which  sodium  is  obtained  from  sodium  hydroxide. 

Properties. — (.^alcium  is  a  silvery-whit(i  metal,  <]uite  soft  and 
malleable,  but  less  so  than  sodium  and  [)otassium.  It  burns  bril- 
liantly when  heated  in  the  air,  combining  with  both  the  oxygen  and 
liitrogen.     It  decomposes  water  readily,  forming  the  hydroxide. 

Compounds. — Calcium  Oxide  (CaO)  is  the  common  substance* 
'[uick-lime  or  unslaked  lime.  It  is  made  in  large  <|uantities  l)y 
hating  calcium  carbonate — limestone,  marble,  oyster  shells,  etc. — 
*n  furnaces  called  limekilns. 

CaCO,  :-   CaO        CO. 

Quicklime  melts  only  at  a  very  high  temperature,  and  when 
^J^ugly  heated  glows  very  brilliantly. — the  lime-light.  It  :i])sorbs 
moisture  and  carbon  dioxide  from  the  air,  and  so  goes  back  into 
calcium  carbonate. 
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CaO  -f  11, <)  ^-  (VOID,  Blaked  lime. 
(•a(OIiy,    !    CO,  =   ('a(b,   I-  11,0 

This  action  is  made  of  irreat  sorviee  in  construction  work.  AVater 
is  addeil  to  qiiickliine,  which  combines  vicroroiisly  with  it,  formincr 
slaked  lime,  and  settincr  free  considerable  heat.  This  slaked  lime 
is  mixed  with  sand  into  a  paste  called  niortar^  which  gradually  ab- 
sorbs carbon  dioxide,  and  hardens  into  a  mixture  of  limestone  and 
sand,  bindintr  toixt^ther  bricks  or  stones  into  solid  walls.  The  sand 
prevents  the  mortar  from  being  scjueezed  out  from  between  the 
stones  or  bricks,  and  also  prevents  its  shrinking  when  drying.  WTien 
heated  with  clay,  quicklime  combines  with  the  alumina  and  silica, 
and  the  resulting  com jx)unds,  when  finely  pulverizeil,  are  the  Port- 
land Ci'iikent  of  commerce.  Tliis  material  differs  from  the  mortar 
descrilx?d  above,  in  that  it  will  H^t  or  harden  under  w^ater. 

Ciilclmn  Hijdrihi'hh', — AVTien  quicklime  comes  in  contact  wuth 
water  it  combines  readily  with  it,  at  the  same  time  expanding  greatly 
and  crumbling  to  a  ])owder.  The  heat  accomj>anying  this  slaking 
is  so  great  as  to  occasionally  ignite  cars  or  other  wooden  receptacles 
containing  the  lime.  Calcium  hydroxide  is  somewhat  soluble  in 
water,  and  the  clear  solution  is  the  well-known  basic  licjuid — lime' 
tratrr.  When  exposed  to  carbon  dioxide  a  film  of  calcium  carbonate 
is  formed  on  the  surface  of  lime-water,  and  if  the  gas  be  blown 
through  the  water,  a  milky  Huid  results,  due  to  the  {^articles  of  cal- 
cium carbonate  formed.     This  may  be  observed  by  blovvintr  with  a 

t.  «  ~ 

small  tube  through  a  clear  solution  of  lime-water.  The  CO^  of 
of  the  breath  forms  calcium  carbonate,  CaC'O.,  which  appears  as  a 
white  cloud.  On  continued  blowing  this  cloud  will  begin  to  dis- 
a|)j)ear,  showing  that  the  calcium  carbonate  at  first  precipitated  is 
beginning  to  be  dissolved  by  the  COg  gas. 

('(ih'iuni  CarhotHff(\ — As  noted  above  this  compound  forms  a 
considerable  portion  of  the  earth's  crust,  under  the  names  limestone, 
marble,  and  chalk.  While  practically  insoluble  in  pure  water,  it  is 
dissolved  by  water  containing  carbon  dioxide.  Itain  water  which 
absorbs  carbon  dioxide  from  the  air,  therefore  dissolves  calcium  car- 
bonate quite  aj)|)reciably,  one  result  being  the  formation  of  caves  of 
greater  or  less  extent  in  limestone  countries.  The  waters  of  springs, 
wells,  rivers  and  lakes,  for  the  same  reason,  contain  dissolved  in  them, 
usually  several  grains  of  limestone  per  gallon.     When  such  water 
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is  heated  the  carbon  dioxide  dissolved  in  it  is  expelled,  and  the 
limestone  lK»ing  no  longer  soluble  is  j)reeipitated,  resultino;  in  the 
formation  of  the  srah'  found  in  tea-kettles  and  boilers.  To  steam 
users  this  is  a  serious  evil,  as  a  lining  of  one-fourth  of  an  ineh  of 
scale  in  a  boiler,  necessitates  the  use  of  about  ^^U  per  cent  more 
fuel,  to  obtain  similar  quantities  of  steam. 

A\nien  soap  is  added  to  water  in  which  salts  of  the  heavy  met- 
als—calcium, iron,  zinc,  magnesium,  etc. — are  dissolved,  the  soap 
will  form  little  if  any  lather  at  first,  but  instead  forms  an  insolu- 
ble,  curdv  material,  which  is  really  a  soap  containiiii^  the  calcium, 
or  other  metal.     Such  water  is  known  as  lunul  water,  in  contrast 
with  rain  or   other  waters  which  at  once  form  lather  with  soap. 
As  salts  of  calcium,  especially  the  carbonate  and  suljihate,  are  by 
far  the  most  common    in  natural  water,  the  attempts  to  soften 
water  are  usually  aimed  at  these  substances.     AVe  have  seen  that 
tile  solubility  of  calcium  carbonate  dejuMids  on   the  ])resence  of 
carbon  dioxide,  and  that  the  exjmlsion  of  this  gas  by  heat  results 
in  the  precipitation  of  the  carbonate.     One  efficient  way  of  ])re- 
venting  the  formation  of  scale  in  a  limestone  country,  is  there- 
fore   the    use    of    feed- water   heaters.       Lime  w^ater    in    proper 
quantity  added  to  boiler-feed  w^ater  in  tanks,  will  combine  with 
the  carbon  dioxide  in  the  water,  and  so  cause  the  precipitation  of 
the  carbonate. 

CaC03  •  CO,  +  Ca(OH),  -=  CaCO.,  +  C^aCO,  -f   II.O 

Waters  containing  calcium  carbonate  or  magnesium  carbon- 
ate in  solution  are  known  as  tnnporaril tj  hard  waters,  because 
they  can  be  softened  by  boiling  as  above  indicated.  Other  salts, 
^hich  cannot  be  so  readily  removed,  make    water  jxrinaiuhihj 

Calrium  chloride, — (CaCl,.)     This 'salt   is  formed  when  cal- 

» 

<^ium  oxide  or  hydroxide  or  carbonate  is  dissolved  in  hydrochloric 
acid. 

CaO  +  2HCl--  CaCl.  +  IIO 

Ca(:03  +  2IIC1  =  Cari_.  r  n,o  +  CO, 

Calcium  chloride  will  form  crvstals  containino;  water,  for  ex- 
*^ple,  CaCl^*  GH/),  and  when  the  water  is  removed  by  strong 
heat,  the  anhydrous  salt  will  readily  absorb  water  again.     On  ac- 
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count  of  being  thus  hygroscopic,  calcium  chloride  is  frequently 
used  for  drying  gases  or  liquids. 

ChhrUle  of  Lime.  —This  is  the  name  often  given  to  a  sub- 
stance formed  by  saturating  slaked  lime  with  chlorine.  Its  com- 
position is  probably  represented  by  the  formula  C'aOCl^.  It  is  a 
white  powder  which  readily  sets  free  chlorine,  when  treated  with 
an  acid. 

(  aOCl,  +  2IR1  =  CaCl,  +  H.O  +  V\ 

VMC\  +  ir,so,  =  caso,  +  iip  +  Q\, 

The  chlorine  thus  obtained  is  largely  used  for  bleaching  cot- 
ton and  linen,  and  the  chloride  of  lime  is  therefore  called  lileavh' 
in  if  Pined er. 

Calcium  Sulphate  occurs  in  nature  as  gypsum  (CaSO/. 
2  HjO).  It  is  slightly  soluble  in  water,  but  enough  of  it  is  found 
in  many  waters  used  for  steam  making  to  form  an  extremely  hard 
scale  in  the  boilers.  Its  complete  removal  before  the  water  enters 
the  boiler,  is  an  important  and  unsettled  problem,  but  th  addition 
of  a  proper  amount  of  sodium  carbonate  is  of  considerable  help. 

When  carefully  heated  to  280^  F.,  gypsum  loses  about  three - 
fourths  of  its  water  of  crystallization.  The  resulting  powder,  when 
stirred  with  water  into  a  paste,  n^'ts  firmly,  or  becomes  a  hard  mass, 
and  under  the  name  of  PlaMer  of  Parln  is  largely  used  for  mak- 
ing casts. 

Calcium  Phottphate  (Ca.,(PO^)^)  occurs  in  nature  as  the  min- 
eral  phosphorite,  and  also  in  the  bones  of  vertebrate  animals. 
When  treated  with  sulphuric  acid  in  proper  proportions,  this  in- 
soluble normal  phosphate  is  changed  to  the  soluble  ^>/v*//i///*y  phos- 
phate, which  is  then  used  as  an  artificial  fertilizer,  under  the  name 
of  saptrphitHphate  of  lime, 

CX  (TO J,  +  2lt,S0,  =  2CaS0,  +CaH,  (POJ, 

Calcium  Silicate  (CaSiOg)  is  im|)ortant  because  it  is  a  con- 
stituent of  almost  all  sorts  of  glass.  Alone,  it  is  very  hard  to 
fuse,  and  tends  to  become  crystalline,  but  when  mixed  with  potas- 
sium silicate,  K^SiOg,  or  sodium  silicate,  Na_.SiO.,,  the  mass  be- 
comes  fusible  at  moderate  temperature,  transparent,  amorphous, 
and  practically  insoluble  in  all  ordinary  liquids.  This  is  the  com- 
mon window  glass  and  bottle  glass  of  commerce.     It  is  made  by 
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fupinfr  together  clean  sand,  lime,  and  soda..  By  using  lead  oxide 
instead  of  lime,  we  obtain  a  glass  that  is  softer  and  more  fusible, 
but  is  highly  refractive,  and  takes  a  beautiful  lustre  when  pol- 
ished.    It  is  used  for  cut  glass  ware. 

ACIDS. 

The  three  acids  most  common  and  important  commercially  are 
sulphuric  acid;  HaSO^;  hydrochloric  acid,  HCl;  and  nitric  acid, 
UNO3. 

Sulphuric  Acid  is  the  most  important  chemical  in  the  arts  be- 
cause it  is  the  basis  of  many  chemical  industries,  and  its  low  cost 
gives  it  preference  over  other  acids.  It  is  made  from  sulphur  or 
the  sulphur  in  iron  pyrites,  FeS,.  The  sulphur  is  burned  to  sul- 
phur dioxide,  SO.;  oxygen  in  the  presence  of  water  is  added  pro- 
ducing sulphuric  acid.     The  reactions  are: 

(1)  S-j_o,  =  SO_, 

(2)  SO,  +  O  +  11.0  ==  H,SO, 

The  action  of  the  oxygen  of  the  air  on  SO^  is  very  slow  and 
the  aid  of  the  oxides  of  nitrogen  is  necessary  to  make  the  process 
a  success. 

Nitrogen  peroxide  NO,  parts  with  one  atom  of  oxygen  easily 

in  the  presence  of  SO,  and  moisture,  forming  sulphuric  acid  and 

NO  gas. 

SO,  +  NO,  +  11,0  =  II,SO,  +  NO 

When  the  NO  gas  thus  formed  comes  in  contact  with  atmos- 
pheric oxygen  the  NO  readily  takes  on  an  atom  of  oxygen  and  is 
restored  to  NO,.  Thus  the  N(X,  acts  as  a  '-carrier  of  oxygen."  By 
a  suitable  arrangement  of  absorbing  towers  these  oxides  of  nitrogen 
are  used  over  and  over  again. 

The  manufacture  of  sulphuric  acid  takes  place  in  a  series  of 
immense  sheet-lead  chambers,  which  may  be  over  one  hundred  feet 
long.  The  FeS,  or  sulphur  is  burned  in  kilns,  and  the  SO,  gas 
losses  through  a  tower  where  it  takes  up  NO  gas  and  moisture. 
It  then  [)asses  into  the  first  chamber  where  more  w^ater  is  intro- 
duced in  the  form  of  steam.  The  sulphuric  acid  forms  at  once  as 
a  white  mist  which  gradually  settles  to  the  bottom  of  the  chamber. 
The  process  continues  in  the  following  chambers  and  the  NO,  gas 
ifi  absorbed  In  a  tower  at  the  end  of  the  series  to  be  used  over  again. 
The  process  is  continuous.     The  weak  * 'chamber  acid"  formed  is 
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evaporated  in  lead  ])aiis  and  finally  in  platinum  to  form  the  thick, 
heavy,  oily  liquid  eonniionly  called  '-oil  of  vitriol."  This  contains 
about  1>5  per  cent  of  real  sulphuric  acid,  lI.jSC\. 

Sul[)huric  acid  of  hitrh  strength  is  now  l)eing  made  by  the 
contact  or  *'calalitic''  pnx'ess.  In  this  process  a  mixture  of  sul- 
phur dioxide,  SO,  and  air  is  passed  through  a  heated  tube  contain- 
ing spongy  |)latiuum.  In  some  unknmvn  way,  the  heate<l  j>latinum 
brings  the  SO.^  and  the  oxygen  of  the  air  together  forming  SO^ 
which  combines  with  water  making  II.SO^.  This  new  process  bids 
fair  to  replace  the  **lead  chamber''  process. 

The  sulphates  of  lead,  barium  and  strontium  are  insoluble, 
and  that  of  calcinm  only  shVhtly  so;  other  sulphates  are  soluble. 

Hydrochloric  acid  is  made,  as  is  described  in  the  manufacture 
of  soda  ash  by  the  Le Blanc  process,  l)y  heatincr  common  salt  with 
sul])huric  acid.  In  this  country  where  the  Ix^ Blanc  process  is  not 
used,  the  hydrochloric  acid  is  the  principal  ])roduct  and  the  sul- 
phate of  soda  also  obtained  is  the  bi-|)r(Kluct.  The  hydrochloric 
acid  gas,  11(1,  given  off  is  absorbed  by  water  in  earthenware  re- 
ceivers and  towers  until  the  solution  is  of  a  certain  strentxth.  when 
it  is  drawn  off  into  trjass  carboys  for  sale,  makintj  the  "Miiuriatic 
acid"  of  commerce.  It  vari(\s  in  strength  from  8^)  per  cent  to  21  > 
per  cent  real  IICI  gas.  AVhen  chemically  pure  it  is  colorless,  but 
the  usual  commercial  acid  is  cok)red  yellow  from  a  small  amount 
of  iron.     All  the  salts  of  this  acid  are  very  soluble  with  the  ex- 
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ception  of  the  chloride  of  silv(»r,  one  of  the  chlorides  of  mercury 
and  the  chloride  of  lead;  tliis  last  is  soluble  in  hot  water.  Hydro- 
chloric  acid  is  a  better  solvent  than  sulphuric  acid  for  some  sub- 
stances. 

Nitric  acid  is  pr(Mluce(i  by  heating  nitrate  of  soda  with  sul- 
phuric acid  and  condensing  the  nitric  acid  driven  off  in  glass  or 
earthen  receivers.  The  pure  acid  is  colorless,  but  the  commercial 
acid  is  frciiuently  colored  yell(»w  or  red  by  tlu*  oxides  of  nitrojn^n. 
It  is  sold  in  glass  bottles  or  carboys  in  strength  from  f)7  per  cent 
to  58  per  cent  real  UNO..  This  acid  is  the  best  solvent  for  most 
metals  because  it  c()m])ines  an  oxidizing  action  with  its  dissolving 
properties.  It  is  frnjuently  used  in  connection  with  the  other 
acids  for  this  reason.  A  mixture  of  three  parts  hydrochloric 
acid  and  one  ])art  nitric  acid  forms  r/y//^^  regia^  which  will  dissolve 
the  noble  metals,  gold  and  platinum. 
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CJONSTRUCnON  OF  BOILERS. 


A  steam  boiler,  or  steam  generator,  consists  of  a  vessel  tc 
contain  the  water  and  the  steam  after  it  is  formed ;  a  fire-box  to 
contain  the  fire  ;  tubes,  flues  and  uptake  to  transmit  heat  and  eon- 
duct  the  liot  gases  from  the  fire  to  the  chimney,  and  various  fittings 
to  fiicihtate  the  safe  and  economical  operation.     Boilei-s  are  often 
classified  according  to  their   uses   and  conditions ;  thus  we  have 
stationary,  marine  and  locomotive  boilers.     Boilers  liaving  a  shell 
partially  filled  with  tubes,  through  which  the  hot  gases  pass,  are 
called  tubular,  fire- tube  or  shell  boilers;  and  those  Iiaving  a  large 
flae  in  which  is  placed  the  fire,  are  called  flue  boilers.    If  the  tubes 
are  filled  with  water  and  the  hot  gases  are  outside,  the  boiler  is 
called  a  water-tube  boiler. 

Steam  boilers  are  made  in  a  variety  of  shapes,  according  to 
the  type,  uses  and  conditions.  Let  us  first  consider  boiler  con- 
8tniction  in  general,  leaving  out  the  peculiarities  of  marine,  loco- 
motive and  water-tube  boilers. 

MATERIALS. 

The  materials  of  which  boilers  are  constructed  are  exposed 
to  conditions  which  weaken  them  and  shorten  the  life  of  the  boiler. 
Among  these  conditions  are  corrosion,  both  external  and  internal, 
bigh  pressure,  and  expansion  and  contraction,  due  to  varying  tem- 
perature and  pressure. 

Cast  iron  was  the  material  of  which  the  earliest  forms  of 
boilers  were  made,  but  on  account  of  its  low  tensile  strength  audits 
unreliable  nature,  it  is  now  but  little  used,  except  for  parts  of  water- 
tube  boilers,  and  sometimes  ff)r  the  ends  of  low-pressure  cylin- 
drical boilers  and  for  fittings.  It  is  cheap  and  resists  corrosion 
bat  on  account  of  its  unreliability  and  brittleness,  the  pirts  must 
be  made  thick  and  therefore  heavy. 
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Wrought  iron^  up  tx)  about  1870,  was  the  principal  material 
used  for  boiler  plates.  It  is  a  pure  iron  prepared  from  [)ig  iron 
by  a  process  called  puddling,  descril)ed  in  "  Metallurgy."  Wrought 
iron  is  well  adapted  for  use  in  boiler  construction,  as  it  is  strong, 
tough  and  fibrous,  and  combines  high  tensile  strength  with  ductil- 
ity and  freedom  from  briltleness.  When  the  properties  mentioned 
are  well  combined,  wrought  iron  will  resist  strains  due  to  unequal 
expansion.  Boiler  fastenings,  stays  and  other  parts  made  by 
welding  are  sometimes  made  of  wrought  iron.  It  is  customary  to 
consider  that  a  bar  loses  about  one-quarter  of  its  strength  by  weld- 
ing, although  It  is  often  stronger  in  the  weld,  owing  to  the  working 
of  the  metal  during  the  welding  process. 

Steel  has  entirely  displaced  iron  for  boiler-shell  work.  Boiler 
steel  is  made  by  the  open-hearth  process,  and  contains  for  ordinary 
thickness  of  1  or  1 J  inches  0.25  per  cent  carbon,  while  thinner  plates 
of  \  inch  should  not  contain  over  0.15  per  cent  carbon.  Larger 
percentages  of  carbon,  while  accompanied  by  an  increase  in  tensile 
strength,  lessen  the  ductility.  The  following  properties  show 
steel  to  be  the  best  boiler  material  at  present:  great  tensile 
strength,  ductility,  homogeneity,  toughness,  freedom  from  blisters 
and  internal  unsoundness.  Blisters  and  unsoundness  are  faults 
sometimes  met  with  in  wrought-iron  plates. 

Copper  in  many  respects  is  superior  to  wrought  iron  for  boiler 
construction.  It  is  homogeneous,  resists  o^cidation  (the  corrosive 
action  of  most  feed  waters)  and  incrustiition.  It  is  more  ductile 
and  malleable  and  a  better  conductor  of  heat,  which  not  only  gives 
it  a  higher  evaporative  power,  but  also  enables  it  to  last  longer 
under  the  intense  heat  of  the  furnace.  Its  disadvantages  are  its 
low  tensile  strength,  about  30,000  pounds  per  square  inch,  and  its 
decrease  of  strength  with  an  increase  of  temperature.  In  heating 
from  the  freezing  point  to  the  boiling  point  it  loses  5  per  cent  of 
its  strength,  and  at  550°  F.  it  loses  about  one-quarter  of  its  strength. 
For  these  reasons  and  on  account  of  its  hij^h  price,  it  is  now  seldom 
used  in  boiler  work. 

Brass  is  an  alloy  of  copper  and  zinc  in  which  the  proportions 
of  each  vary  considerably.  The  red  color  comes  from  a  larger  per 
cent  of  copper.  Red  brass  is  bt*tt<»r  and  more  expensive  than  yel- 
low brass.     Brass  is  used  for  valves,  gauges  and  other  fittings. 


116 


CONSTRTTCnON    OF    BOH.KRS. 


Bronze  is  an  alloy  of  copper  and  tin,  and  is  advantiigeoiisly  used 
for  valves  an<l  seats  of  safety  valves  where  the  wear  is  great. 


TESTINU   MATERIALS. 


Xn  order  to  dettrinine  tlie  strength  and  the  other  qiialiliea  of 
I  the  tnaterialx.  apeciiiiena  are  teslwl.     Tim    results   of  thcet'   te.-ts 
•how  Ihi'  ultimate  teiiailt)  stri'iitrtli,  cluttlif  limit,  i-uritraotirjii  uf  arts 
I  and  elongation. 
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The  simplest  way  to  test  a  piece  of  iron  bar  or  plate  would 
be  to  fix  it  firmly  at  the  upper  end  and  hang  weights  on  the  other 
end,  adding  other  weights  until  the  bar  is  bix)ken.  This  is  but  a 
crude  method,  and  in  order  that  the  elastic  limit  and  elongation 
may  be  determined  at  the  same  time,  testing  machines  are  used. 
Tiiere  is  a  large  variety  of  testing  machines,  adapted  for  various 
materials,  but  the  genei*al  principles  are  the  same. 

Testins:  Machines.  Tlie  testing  machine  consists  of  a  frame 
and  two  heads,  to  which  the  ends  of  the  test  piece  are  fastened  by 
wedges  or  other  devices.  By  means  of  steam  or  hydi-aulic  power 
one  head  is  di-awn  away  from  the  other  for  tensile  tests.  The  pull 
is  transmitted  to  some  weighing  device,  usually  levers  and  knife 
edges  like  the  beam  of  ordinary  platform  scales.  In  small  machines 
the  pull  may  be  applied  by  a  lever. 
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Fig.  2. 

Testing  machines  are  made  for  all  varieties  of  testing:  tensile, 
compressive  and  shearing  stresses.  Also  for  deflection  of  beams 
and  for  strength  of  wood,  cement,  brick  and  stone.  Fig.  1  shows 
an  Olsen  testini^  macliine  designed  for  tensile  and  compressive 
tests  of  iron  and  stt^t*!. 

In  order  to  test  materials,  test  pieces  or  specimens  are  pre- 
pared. For  testing  iron  plate  the  test  piece  should  be  at  least  1 
inch  wide,  about  2  feet  long  and  planed  on  both  edges.  Many 
engineers  recommend  these  dimensions.     According  to  the  P'- 

of  Supervising  Inspectors  of  Steam  Vessels,  the  test  piece  should 
be  10  inches  long,  2  inches  wide  and  cut  out  at  the  center. 

To  ascertain  the  tensile  strength  and  other  qualities  of  steel, 
a  test  piece  should  be  taken  from  each  plate.  These  test  pieces 
are  made  in  the  form  as  «hown  in  Fig.  2.     The  straight  part  in 
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llie  center  is  9  inches  long  and  1  indi  wide  ;  and  to  determine 
elongation  it  is  marked  witli  light  prickpiuu^h  marks  at  distances 
1  inch  apart,  the  marked  space  l)eing  8  inches  in  length.  The 
ends  are  1^  inclies  to  2  inches  broad  and  3  inches  to  i)  inches  long. 
As  has  l)een  explained  in  "  Meclianics/'  the  force  necessary  to 
break  the  piece  is  the  proportionate  part  of  the  tensile  strength 
per  square  inch.  Thus  if  the  test  piece  having  a  reduced  section 
of  .4  square  inch  is  broken  at  19,200  pounds,  the  tensile  strengtl) 

19  200 

of  the  plate  is  — ^ —  =  48,000  pounds  per  square  inch. 

.4 

EXAMPLES   FOR  PRACTICE. 

1.  If  a  piece  of  Iwiler  plate  breaks  at  33,500  pounds  and  the 
reduced  section  is  l^  inches  by  ^  inch,  wliat  is  tlie  ultimate  ten- 
sile strength  ? 

Ans.  59,555  pounds. 

2.  A  Ixiiler  plate  is  claimed  to  be  of  64,000  pounds  tensile 
strength.  If  the  section  is  1  inch  wide  and  .63  inch  thick,  what 
should  be  the  reading  of  the  testing  machine  when  tlie  specimen 
breaks  ? 

Ans.  40,320  pounds. 

3.  A  test  piece  of  the  form  shown  in  Fig.  2  measured  8 
inches  between  the  prickpunch  marks  before  testing  and  9.56 
inches  after  testing.     What  was  the  per  cent  of  elongation  ? 

Ans.  19|  per  cent. 

4.  If  the  area  of  section  before  breaking  is  .4825  square  inch 
and  after  breaking  is  .236  square  inch,  what  is  the  per  cent  of 
reduced  area  ? 

Ans.  51  per  cent. 

STRENGTH  OF  BOILER  HATERIALS. 

The  crushing  strength  of  cast  iron  is  high,  varying  from 
50,000  to  75,000  pounds  per  scjuarc  inch ;  its  tensile  strength  is 
low,  varying  with  the  chemical  and  physical  properties  of  the  iron 
from  about  15,000  to  22,000  pounds  per  square  inch. 

Wrought-iron  plates  liaving  a  tensile  strength  of  from  50,000 
to  60,000  pounds,  with  an  elongation  or  ductility  of  from  20  per 
cent  to  30  per  cent,  are  suitable  for  boiler  work.     Boiler  iron  may  be 
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tested  in  the  following  ways  if  testing  machines  are  not  available : 
Cut  from  tlie  phite  a  strip  about  2  inches  wide  and  bend  it  cold, 
down  upon  itself ;  if  it  shows  no  fracture  on  the  outside  curve,  it  is 
satisfactory.  This  is,  however,  a  severe  test,  and  only  the  l>e8t 
flange  iron  will  stand  it ;  on  the  other  hand,  any  iron  wliich,  when 
heated  to  a  cherry  red  and  bent,  shows  cracks  or  fracture  on  the 
outer  curve,  is  unfit  for  use  in  boiler  construction.^  When  wrought 
iron  was  used  for  lx)iler  plates  it  was  customary  to  give  the  plate 
what  is  called  the  liammer  test.  The  plate  was  suspended  clear 
of  the  ground  and  struck  with  a  hammer  at  intervals  of  three  or 
four  inches  over  its  surface ;  a  clear,  ringing  tone  indicating  a  sound 
plate,  while  a  dull  sound  indicated  with  fair  certainty  a  defect  such 
as  internal  unsoundness. 

Mild  steel  has  a  tensile  strength  of  from  55,000  to  65,000 
pounds  per  square  inch,  with  an  elongation  of  25  per  cent.  A  test 
piece  cut  from  a  [)late  |  inch  thick  or  less  should  stand  bend- 
ing double,  when  hot  or  cold,  and  not  show  any  cracks  ;  thicker 
plates  should  be  capable  of  being  bent  at  a  small  radius  to  a  large 
angle  without  showing  any  cracks.  Steel  should  never  be  worked 
at  a  blue  heat,  as  in  this  state  it  is  very  brittle.  It  is  also  mechan- 
ically tested  by  being  heated  to  a  cherry  red,  quenched  in  water  at 
82®  F.  then  bent  in  a  curve  of  small  radius;  if  it  cracks,  it  has 
become  tempered,  and  it  is  therefore  unsuitable  for  this  work.  If 
the  tensile  strength  of  the  steel  is  under  70,000  pounds  per 
square  inch,  it  is  sufficiently  tough  and  ductile  and  can  be  easily 
worked. 

In  general,  boiler  materials  are  carefully  tested  for  the 
following  qualities: 

Tensile  strength,  to  resist  rupturing  strains.  Also  in  order 
that  the  plates  may  ]je  thin. 

Toughness  and  elasticity,  to  resist  corrosion  and  the  wear  and 
tear  of  manufacture. 

Ductility,  so  that  the  boiler  may  change  its  shape  slightly 
without  rupture.     This  is  a  more  important  quality. 

BOILER  CONSTRUCTION    IN    DETAIL. 

The  drawing  or  design  of  the  boiler  is  worked  out  in  the 
draughting  room,  as  explained  later  under  the  head  of  Boiler  Design. 
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The  draught  shows  the  general  arrangement  of  the  boiler,  together 
with  complete  detail  drawings,  from  which  the  materials  are 
ordered.  These  materials  are  [)lates,  rods  for  stays,  rivets,  stay 
bolts,  tubes,  steel  bara,  angles  and  channel  bars  for  stiffening,  etc. 
In  some  boiler  shops  it  is  customary  to  lay  the  boiler  out  on 
a  large  blackboard  full  size,  thereby  checking  the  drawing.  In 
ordering  plates  the  blank  forms  are  filled  out  in  the  following 
manner: 

Messrs,  John  Blank  ^  Co : 

Please  furnish  us  with  the  following  Steel  Plates,  Ultimate 
Tensile  Stiength,  GOfiOO ;  Elongation,  25 per  cent : 


Number 
wanted. 

Thickness 

Dimensions. 

Marks. 

Remarks. 

6 

1" 

90''X70'' 

S  14 

Shell 

The  dimension  whicli  runs  in  the  direction  the  plate  is  to  be 
bent  is  given  first.  The  plates  are  marked  as  per  order  blank,  and 
this  serves  to  identify  the  plate  when  the  occasion  arises.  When 
ordering  any  odd  shape,  a  sketch  witli  dimensions  must  be  j)laced 
in  the  column  headed  "  Remarks." 

In  ordering  pLxtes,  allow  for  trimming,  particularly  in  the  case 
of  irregular  shapes.  Rivets  are  sold  by  the  pound,  regardless  of 
their  shape  or  size.  Round  and  flat  iron  may  be  ordered  by  the 
running  foot.  Manufacturers  publish  tables  showing  weight  of 
revets,  round  iron,  etc.,  witli  whicli  they  furnish  l)oiler  makers. 

Boiler  shops  are  equipped  with  the  following  tools:  phite  rolls, 
plate  planers,  shears,  drill  presses,  punches,  countersinking  nia- 
ohines,  flanging  machines,  hydraulic  and  steam  riveters,  and  a 
compressed-air  system  for  operating  pneumatic  machines,  such  as 
calkers  and  chippers.     They  also  have  machine  shops  for  doing 
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such  machine  work  ;is  is  required  for  fittings,  furnace  fronts,  etc., 
and  a  system  of  cranes  for  handling  and  tr.inspoiting  material. 
In  connection  with  the  above  is  a  storeroom  of  sufficient  size,  a 
forge  .shop,  and  an  engine  and  boiler  for  supplying  the  shop  with 
the  power  necessary  to  operate  it. 

In  boiler-shell  work  drilling  lias  entirely  displaced  punching, 
and  to-day  all  holes  are  drilled.  Punching  is  cheaper  than  drill- 
ing, but  it  is  more  injurious  to  the  plates  and  not  as  accurate.  It 
is  easy  to  see  that  drilling  rivet  lioles,  even  if  twenty  are  being 
drilled  at  once,  is  done  with  less  strain  on  the  plates  than  when 
done  by  a  multiple  punch  forcing  severed  lioles  at  once.  The  force 
required  to  punch  a  plate  gives  the  l>e8t  idea  of  the  harm  done 
to  rhe  plate.  Experiment  shows  that  the  resistance  of  a  plate  to 
punching  is  about  the  same  as  its  resistance  to  tensile  tearing. 
Suppose  this  to  be  50,000  pounds  per  square  inch  ;  tlien  tlie  force 
lequired  to  punch  the  plate  is  the  area  cut  out  times  the  shearing 
strength,  or  d  X  -rr  X  t  X  50,000. 

In  which  formula 

d  —  Jiameter  in  inches  and 
t  =1  thickness  in  inches. 

For  a  liole  |  inch  in  diameter  in  a  jj^-inch  plate,  the  force 
will  be 

I  X  3.1416  X  i  X  50,000  =  58,900  pounds. 

If  the  force  required  to  punch  one  hole  is  58,900  pounds,  the 
force  required  in  punching  several  holes  by  means  of  a  multi])le 
punch  is  enormous. 

A  good,  ductile  plate  is  but  little  injured  by  punching  ;  but 
if  of  a  hard,  steely  nature,  it  is  likely  to  be  seriously  injured.  For 
this  reason  wrought-iron  plates  are  usually  punched  and  steel 
plates  are  drilled.  On  the  whole,  a  drilled  plate  is  somewhat 
stronger  than  a  punched  plate  for  any  kind  of  joint. 

Some  boiler  makers  punch  the  rivet  holes  slightly  smaller 
than  the  desired  size  and  then  ream  them  out.  By  this  process 
the  injured  met<il  around  the  holes  is  cut  away.  Another  method 
to  overcome  the  injurious  efifects  is  to  anneal  the  plate  after 
punching. 

The  ordinary  process  of  annealing  consists  of  heating  the 
plate  to  red  lieat,  and  then  allowing  it  to  cool  slowly.     By  this 
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mean8,  hard  uiul  brittle  iron  or  Mrvl  is  iiindi;  st)tt  :iihI  toiiiirli. 
While  the  iiietnl  in  hot,  \\w  siirlnrc  hcronii's  oxiili/cd.  For  iiio>t 
|)iir|>08C8  thi8  8<*silo  of  oxide  in  not  Iinrnit'iil,  luit  in  soint'  cases  it 
must  be  removed.  As  this  is  ex[)ensive,  a  process  of  annealing 
in  illuminating  gas  has  heen  devised.  T]w  action  ot'  tlie  <i-as  is  to 
reduce  the  oxide  without  ahering  the  properties  of  tht;  j)iece.  The 
results  ohtaineil  from  annealing  depend  upon  tlie  kind  of  iron  or 
steel,  the  temperature  to  which  it  is  raised,  and  the  rate  of  cool- 
ing.  It  18  a  great  advantage  to  all  steel  of  over  (M,0()()  p<>unds  per 
square  inch  in  tensile  strength,  hnt  softer  steels  are  little  hetter 
for  the  process. 


B 


■i«,^  ;;. 


After  the  shtdl  plates  are  planed  to  correct  shapes  and  the 
Wes  drilled  or  punched,  they  are  put  tinonuli  tiu^  iniiding  rolls 
and  bent  into  a  cvlin<lrical  shape,  the  ainonnt  of  ciirvaturi*.  heini; 
determined  by  a  template  made  ior  the  purpose.  Plates  are 
usually  sheared  to  size,  and  then  the  edi^-es  planed  with  a  .-liLdit 
lirvel  to  facilitate  calking;.  In  the  meantime  the  heads  are  heinir 
flanged  by  a  hydraulic  flanging  machine  ;  wh4*n  the  tlani:i'  is  com- 
pleted, the  head  is  put  on  the  [>hiten  (»f  a  iMii'inir  mill  and  tuiiied  >o 
'W  to  exactly  fit  into  the  shell.  In  some  shops  it  i-^  ensiomarv  t<> 
punch  or  drill  only  a  few  holes  in  the  >hell  and  flani:'*-  of  the  head, 
these  holes  servinj'  to  taki;  holts  for  iioIdiuLr  tlie  pait*:  tojetlier. 
The  hack  head  plate  is  bolted  into  tlu*  rear  course  of  [il.-ititiL!',  and 


no 
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the  parts  thus  assembled  are  hoisted  up  to  drill  if  the  plates,  et<;., 
have  not  l)een  previously  drilled  or  punched,  otherwise  to  the 
hydraulic  riveter. 

RIVETS  AND  RIVETING. 

Rivets  are  formed  by  foi-ging,  from  round  iron  bar  or  mild 
steel,  with  a  cup  or  pan  shaped  head.  The  cylindrical  part,  called 
the  shank,  is  a  little  smaller  than  the  hole  and  has  a  slight  taper. 
Fig.  3  shows  common  forms  of  rivets.  As  rivets  are  not  as  reli- 
able in  tension  as  in  shear,  they  are  used  mainly  at  right  angles  to 
the  straining  force.  If  the  stress  is  parallel  to  the  axis,  bolts  are 
used,  since  they  are  strong  in  tension.  The  shearing  strength  of 
steel  rivets  is  about  45,000  [)ounds  per  square  inch,  and  of  iion 
rivets  al>out  40,000  pounds  per  square  inch.  Steel  rivets  are  often 
used  with  steel  plates,  but  many  l)oiler  makei's  prefer  to  use  iron 
rivets  in  all  cases. 

Three  types  of  rivets  in  use  are  shown  in  Fig.  4,  the  follow- 
ing table  giving  the  dimensions : 


Diameter 
of  Rivet. 

{ 

Cone  Head 
A 

■ 

Countersunk. 
B 

Button  Head. 
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13                      a 
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A 
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tV 

ItV            J 
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H 

1.? 

n 

13 

i 

n 

3 
4 

Formerly  all  joints  of  toilers  were  riveted  by  hand,  but  now 
all  riveting  is  done  by  machines,  except  those  joints  to  w^hich  a 
machine  cannot  be  applied.  If  done  by  hand,  the  red-hot  rivet  is 
inserted  in  the  hole,  and  the  second  head  formed  bv  two  riveters 
working  with  hammers.  This  head  is  either  made  conical  by  the 
hammers  alone  or  finished  with  a  cup-shaped  die  called  a  *^  snap." 
This  latter  is  the  more  usual  method.  The  disadvantages  of  hand 
riveting  are  slowness  and  a  tendency  to  form  a  shoulder  before  the 
rivet  fills  the  hole. 
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Machine  riveting  is  preferable,  as  the  work  is  done  better, 
faster  and  more  accurately  ;  the  pressure  coming  gradually  on  the 
entire  rivet,  compresses  it  completely  into  the  hole  before  the  head 
is  formed.  Before  riveting,  care  should  be  biken  that  the  plates 
are  close  together,  so  that  a  shoulder  will  not  be  formed  between 
the  plates  and  prevent  a  good  joint.  Rivets  should  always  be  put 
in  while  red  hot,  for  in  this  condition  tlieyare  more  easily  worked, 
and  when  they  cool  they  contract,  nipping  the  plates  together  in  a 

tight  joint. 

Hydraulic  riveting  is  more  gradual  and  is  generally  preferred 

to  steam  riveting.     The  pressure  from  the  steam   riveter  often 

comes  as  a  sudden  blow  and  does  not  allow  time  for  the  rivet  to 

completely  fill  the  hole. 


A 


T 

6 

4 


—  D  — 

B 

Vig.  4. 


c 


It  is  sometimes  desirable  to  rivet  witli  a  countersunk  head; 
that  Is,  the  rivet  does  not  project  above  the  plate.  The  conjiter- 
sunkhead  is  formed  by  hammering  down  the  end  of  the  rivet  into 
tlie  countersink  in  the  plate.  This  form  is  shown  at  D,  Fig.  3. 
This  joint  is  often  used  in  shipbuilding  and  in  boiler  making  wlien 
Jt  is  necessary  to  attach  mountings.  It  sliould  always  be  avoided, 
if  possible,  on  account  of  its  weakness,  and  especially  when  tlie 
straining  force  acts  in  the  direction  of  the  length  of  tlie  rivet,  as 
the  head  has  a  very  insecure  hold  and  is  lik(»ly  to  be  pulled  through 
the  hole. 

Rivets  may  be  tested  in  a  boiler  shop  as  follows  :  the  rivet  to 
be  bent  cold  in  the  form  of  a  hook  around  another  rivet  of  the 
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same  diAmeter,  and  show  no  flaws  or  cracks ;  to  be  bent  hot 
down  upon  itself  and  show  no  cracks,  head  to  be  flattened  while 
hot  until  its  diameter  is  2^  times  the  diameter  of  the  shank,  and 
show  no  flaws. 

The  uniform  heating  of 
steel  rivets  is  of  more  im- 
portance than  in  the  case  of 
iron  rivets,  where  it  is  suffi- 
cient to  heat  the  points  only. 
Steel  rivets  also  should  not 
be  heated  to  a  white  heat,  as 
iron  rivets  are,  but  to  a 
bright  cherry  red,  for  if 
heated  beyond  this  point  they 
will  burn.  The  fire  in  which 
steel  rivets  are  heated  should 
be  kept  thick,  and  the  drauglit 
moderate.  This  should  also  be  observed  in  heating  steel  pLites 
for  flanging. 

Tliere  are  various  forms  and  strengths  of  riveted  joints.     It 


Fiir.  5. 


#      ^      # 
#      ^      ^      ^ 


Fi^.  6. 


Fig.  7. 


is  obvious  that  in  punching  or  drilling,  a  plate  is  weakened  to  the 
extent  of  the  sectional  area  cut  out,  and  that  if  the  holes  are 
[)unched,  the  metal  between  the  lioles  is  weakened.  In  treating 
the  strength  of  a  joint  it  is  customary  to  speak  of  it  as  a  percent- 
age of  the  strengtli  of  an  unpunched  plate. 

If  one  plate  overlaps  another  and  is  riveted  to  it  by  a  single 
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row  of  rivets,  as  shown  in  Fig.  5,  it  is  called  a  single-riveted  lap 
joint.     This  joint  has  about  56  per  cent  of  the  strength  of  a  solid 
plate.     If  another  row  of  rivets  is  added,  it  is  called  a  double- 
riveted  lap  joint;  Fig.  6  shows  the  double-riveted  lap  joint  chain 
riveted,  and  Fig.  7  the  double-riveted  lap  joint   zigzag   riveted. 
Double  riveting  is  done  in  two  ways  :  zigzag,  or  staggered, 
and  chain.     When  rivets  are  put  in  so  that  the  rivets  of  one  row 
are  opposite  the  spaces  of  another  row,  it  is  called  zigzag  riveting 
or  staggered  riveting.     If  the  rivets  are  placed  immediately  oppo- 
rite  each  other,  it  is  called  chain  riveting. 


B 


Fip.   S. 


If  the  two  plates  are  kept  in  the  same  plane  and  a  cover  or 

butt  strap  riveted  on,  it  is  called  butt  riveting  (Fig.  8,  in  which  A 

and  B  are  the  boiler  plates,  and  C  is  the  butt  strap).      If  an  inside 

butt  strap  is  added,  it  is  called  a  double  butt  joint  (Fig.  9).     Fig. 

10  shows  a  treble-riveted  butt  joint.     A  single  butt  joint  is  about 

equal  in  strength  to  a  lap  joint  having  but  one  row  of  rivets,  but 

a  double  butt  joint  is  considerably  stronger. 

In  this  latter  form  of  joint  the  rivets  have  double  shearing 
surfaces,  since  they  tend  to  shear  off  in  two  planes.  Tliis  either 
makes  a  stronger  joint  or  allows  the  use  of  smaller  rivets.  In  the 
single  butt  joint  the  butt  strap  is  usually  about  1  J  the  thickness 
of  the  plate,  and  if  the  inside  butt  strap  is  added,  each  butt  strap 
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is  made  about  |  the  plate  thicknpss.     Butt  joints  are  now  beioj 

used  in  the  best  cliiss  of  boilers,  and  are  used  almost  entirely  fo 

plates  less  than  J  inch  in  thickness. 

Lap  joints  are  use' 
for  circumferentia 
seams,  and  the  etronge 
joint,  the  butt,  for  long 
tudinal  joints.  For  hig 
pressures  in  mar  in 
boilers,  triple  rivetin 
is  frequently  used. 

If  a  cover  plate  i 
riveted  on  the  outbid 
of  a  lap  joint,  itiscalle 
combined  lap  and  but 
joint.      In    this    cas 

there  are  three  rows  of  rivets,  the  middle  row  having  twice  s 

many  rivets   as   the   outer  rows.     Fig.  11   shows  the  combine 

joint. 

The  distance   between   the  centers  of   rivets  is  called    th 

"  pitch."     The  mathematical  calculation  of  pitch  and  the  distam 

between  the  rivets  and  the  edge  of  the  plate  will  be  taken  u 

later. 

The  following  table  gives  an  idea  of  the  relative  strength 

of  riveted  joints: 
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FLANQINQ  IRON  AND  STEEL  PLATES 

Iron  plates  are  more  severely  tested  l>y  flanging  than  by  any 
other  work  done  upon  them.  Thia  is  due  to  their  fibrous  nature, 
and  git'iit  care  is  necessary  to  prevent  breaking  in  the  bend,  if 
ihe  comer  is  sharp. 


Aa  hna  been  stated,  »teel  requires  uniform  heating  and 
""tderate  curves.  Flanging  is  almost  entirely  done  to-day  by 
ficliines.  After  flanging,  the  steel  should  be  annealed  by  heat- 
"ig  tlie  whole  plat«  uniformly  to  a  dull  red  lieat,  and  allowing  it 

to  con]  slowly. 

WELDED  JOINTS. 

H'elclcd  joints  for  Iwiiler  shells  are  desirable.  By  their  use 
deposits  wliicti  accumulate  on  and  aronnd  rivet  lieads  and  pints, 
ronwion  cansed  by  leakai^e,  and  lonae  riveU,  are  done  away  with, 
Slid  ealking  also.  Morf^over,  a  perfectly  welded  joint  is  stronger 
tliiiii  llie  best  riveted  joint,  and  apjiroxiniates  nearly  lo  tlie  origi- 
fiil  Btii-iiglh  of  the  plate.  Welded  sleani  diiinis  an-  used  now 
quite exlensively  for  waler-tuhe  Iw.ilei-s  of  tlie  marine  type. 

The  soundness  of  sneh  a  joint  is  a  matter  of  uncertainty,  and 
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depends  upon  the  skill  iiiid  care  of  the  workmen.  It  is  impoe- 
dible,  from  external  appearances,  to  judge  the  soundness  of  a 
welded  joint.  The  principal  use  of  welded  joints  is  for  furnace 
tubes  and  steam  domes,  but  tliey  have  not  been  used  much  for 
l.x)iler  shells.  The 
lack  of  tests  on 
welded  joints  and 
the  small  amount  of 
mfonnation  on  the 
subject,  render  the  re- 
sults of  experiments 
of  little  value.  The 
weld  is  best  made 
when  the  edges  of 
the  plates  are  upset, 
at  red  heat,  to  nemly 
double  the  plate  thickness  nnd  beveled  to  an  angle  of  alKiut  45 
degrees.  The  edges  ari;  then  lieated  together,  and  the  weld  made 
by  hammering  down  the  joint  to  the  original  thickness  of  tb' 
plate. 

ARRANOenENTS  OF  PLATES  AND  JOINTS. 
When  we  take  up  the  design  of  l>oilers  we  shall  see  that  a 
boiler  tends  to  rupture  Inngitudinally,  The  reason  for  this  is 
that  tlu;  rL'sistance  of  a  thin  cylinder  to  circumferential  rupture  is 
iloulilc  tlie  resistimce  to  longitudinal.  Since  this  is  the  case,  lap 
joints  are  used  for  transverse  seams,  and  a  stronger  form  {the 
double  biiit  juiiit)  is  used  for  the  longitudinal. 

At  tlie  jiiiii-ti(in  iif  tluve  or  more  plates,  where  the  circumfer- 
entiiil  ainlloiigiludiual  joints  meet,  ordinary  riveted  joints  would 
lie  too  tliifk.  To  ovi-icdiui'  tliis  difficulty,  two  or  more  plates  are 
forged  tliiu  at  the  joint,  as  shown  in  Fig.  12. 

Whenever  longitudinal  and  girth  seams  meet,  the  plates 
should  l>e  ariiiuged  to  "lueak  joints";  that  is,  'jne  longitudinal 
seam  should  not  1m'  ii  eontinualion  of  another.  The  proper  ar- 
raugeiiH'iit  is  shown  in  Kig.  I'J. 

IiiIk.iIi  vrrtieal  ami  lii.rii^oiital  Iniilers  the  inside  lap  is  mad© 
to  faee  dowiiward.  so  lh:.t  it  will  not  form  a  h'.lge  for  the  collec- 
tion of  sediment 
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The  belts  of  plates  tliat  make  up  the  length  are  sometimes 

arranged  conically,  with  the  outside  lap  facing  backward.     When 

the  boiler  is  slightly  inclined 

toward   the    front   end,   this 

conical  arrangement  f  a  c  i  1  i  - 

tites  draining   and  cleaning, 

as  the  dirt  is  removed  at  the 

front   end.     This    is  a  great 

advantage  to  internally  fired 

boilers,  as   they  arc  difficult 

to  clean. 

In  long  vertical  boilers 
the  ring  seams  are  arranged 
with  the  inside  lap  facing 
downward,  so  as  not  to  have 
a  ledge  for  sediment.  Some- 
times the  belts  of  locomotive 
hoilei-s  are  arranged  telescopi- 
cally,  with  the  largest  diam- 
eter at  the  fire-box  end.  Of 
late  years  the  best  makers 
use  larger   plates   than   formerly.       This  is  advantageous,  espe- 


wy////\w/////y^  " 

OIL- 


Fig.  12. 


Ki-.   l:'.. 


ciallyin  extemjilly  fired  muUitubular  boilers,  as  the  sinu^le  seam  is 
placed  above  the  water-level,  and  therefore  Ls  away  from  the  lire. 
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The  portion  of  a  boiler  between  the  shell  and  the  furnace  is 
called  the  water  leg.  Figs.  14  to  20  inclusive  illustrate  the 
metliod  of  construction  of  the  water  leg  and  the  joints  around  the 
furnace  door.     Figs.  14  and  15  show  two  methods  of  constructing 
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the  wiiter  leg.  Tri  Fifj.  14  tlie  exterior  jiliite  and  the  furnace  plat} 
aiv  rivt'ttd  to  the  ring  D  by  nieiins  of  long  rivets.  This  ring  is 
usually  iiiadi^  of  wrought  ii-oii,  but  in  iniiny  cheiip  Iwilers  it  is  of 
nist  iron.  In  Fij;.  15  the  two  phit«s  are  riveted  to  the  flanged 
ring  1).  Tliis  const  ruction  is  better  thiin  tlie  solid  cast-iron  ring, 
on  iwcount  of  flexibility,  hut  tlie  junction  of  the  plates  D  and  C 
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fonns  a  corner  in  which  sediment  is  deposited.  In  Fig.  17  the 
plate  B  is  flanged  and  riveted  to  C.  This  arrangement  requires 
less  riveting  than  the  one  shown  in  Fig.  15.  Figs.  14,  15  and  17 
also  show  three  forms  of  construction  of  the  joints  around  the 


Fig.  Ul 


Pij;.  18. 


Fi-.  17. 


furnace  door.  In  Fig.  14  both  the  exterior  plate  and  the  furnace 
sheet  are  flanged  and  riveted  together.  This  is  sliown  in  an  en- 
lar^red  view  in  Fig.  18.  The  construction  shown  in  Figs.  15  and 
19  is  not  as  good  as  that  in  Fig.  14,  because  of  tlie  extra  riveting  ; 
^Iso,  it  has  two  corners,  B  and  (\  for  the  de[)osit  of  sediment. 
^ig«n  shows  a  somewhat  differentform  of  furnace  construction, 
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the  two  plates  being  riveted  to  the  cast-iron  ring.  This  form  is 
better  shown  in  Fig.  20.  It  makes  this  part  of  the  l)oiler  too 
rigid,  but  it  lias  the  advantage  of  not  having  rivet  heads  to  wear 
off.  In  these  methods  of  riveting,  those  wliich  have  ihe  flanged 
ring  are  preferable  to  those  using  the  cast-iron  ring,  because  of 
more  freedom  for  expansion ;  but  the  flanged  ring  forms  an 
undesirable  corner. 


Fi^.  IW. 


Fig.  20. 


In  almost  every  boiler,  plates  must  be  connected  at  right 
angles.  An  example  of  this  is  seen  where  the  end  plates  are 
jointed  to  the  sh(»ll  ])lates  of  cylindrical  l)oilers.  There  are  three 
principal  methods:  riveting  l)otli  plates  to  an  ancfle  iron,  riveting 
to  a  flanged  ring  and  flanging  the  end  plate.  In  Fig.  21  the  two 
plates  are  riveted  to  an  angle  iron,  which  is  made  of  wrought  or 
cast  iron.  This  construction  is  too  rigid  ;  the  constant  variations 
of  teniper.iture  cause  repeated  changes  of  form,  which  tend  to  crack 
the  angle  iron  on  tlie  inside  of  the  plate  at  the  joint.  Corrosion 
increases  the  evil,  as  it  rapidly  attacks  iron  which  has  once  been 
cracked  or  broken.  There  is  no  definite  rule  for  the  dimensions 
of  these  angle  irons,  but  it  is  safe  to  make  the  mean  thickness  a 
little  greatt'r  than  that  of  the  plates. 

The  forms  shown  iii  Figs.  22  and  28  are  bt»tter.  The  head 
is  llangt'd  jmd  riveted  to  the  shell  plates.  The  flanging  makes  a 
more  Ih'xihK;  joint.  The  radius  of  the  curve  of  the  flange  should 
be  about  four  times  the  thickness  of  the  plate.     The  head  and 
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shell    are    sometimes   connected    to  a  flanged    ring,  as  sliown   in 
Fig.  24.     The  extra  row  of  rivets  makes  a  complex  joint. 

In  vertical  boilers  the  external  lire-box  is  joine<l  to  tlie  cylin- 
drical shell  by  riveted  joints.  Figs.  25  and  26  show  two  forms; 
that  in  Fig.  25  being  the  better  on  account  of  the  flanged  ring, 


Fig.  21. 


Fig.  22. 


Fig.  2:5. 


Pig.  24, 


which  allows  expansion  and  contraction  of  the  shell  iind  furnace 
plates. 

Sometimes  the  case  occurs  of  connecting  two  plates  which  are 
parallel  and  near  together.     For  instance,  at  the   lx)ttom  of  the 


Fig.  26. 


locomotive  fire-box  a  connection  must  be  made  betw^een  the  inner 
and  outer  firt>lx)x.  The  water-leg  construction  is  a  similar  case. 
Several  methods  for  this  construction  are  shown  in  Fig.  27. 
Fig.  27a  is  too  complicated  and  is  undesirable,  both  on  account 
of  the  numerous  rivets  and  angle  irons,  and  on  account  of  the  in- 
side joints,  which  cinnot  be  calked.  Fig.  27  li  is  better,  since  it 
has  but  one  angle  iron  ;  it  has,  however,  thc^  undesirable  inside  joint. 


135 


24 


CONSTRUCTION    OF    BOILERS. 


Fig.  27d  is  a  good  joint,  the  form  of  connection  being  called  a 
channel  iron.  Fig.  27k,  as  we  have  seen,  is  a  good  flexible  joint, 
but  it  has  the  undesirable  corner  where  sediment  lodges. 

We  have  thus  briefly  discussed  the  various  methods  and 
arrangements  for  putting  shells  together,  and  now  let  us  return  to 
our  boiler,  whicli  is  ready  for  riveting  at  the  hydraulic  riveter.  A 
few  rivets  are  first  driven  at  equal  intervals  around  the  ring  seam 
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at  the  back  head.  The  reason  for  driving  only  a  few  rivets  is 
that  any  errors  in  the  spacing  of  the  holes  are  distributed  and  not 
accumulated,  as  would  be  the  case  if  they  were  driven  in  succes- 
sion. From  this  point  on,  the  riveting  is  continued  until  the  shell 
Is  completely  riveted  up. 

STAYINQ. 

The  shell  is  now  ready  to  receive  the  stays.  When  under 
steam,  a  cylindrical  shell  is  strained  by  internal  pressure  in  two 
directions,  namely:  transvei'sely,  by  a  circumferential  stmiu  due  to 
the  pressure  tending  to  burst  the  shell  by  enlarging  its  circumfer- 
ence, and  longitudinally,  by  the  pressure  on  the  ends.  If  a  boiler 
were  spherical  it  would  require  no  stays,  because  a  sphere  sub- 
jected to  internal  pressure  tends  to  enlarge  but  not  to  change  its 
shape.  All  flat  surfaces  in  boilers  must  be  stayed,  otherwise  the 
internal  pressure  would  bulge  them  out  and  tend  to  make  them 
spherical  in  shape.  The  ends  of  steam  drums  on  high-pressure 
water-tube  boilers  are  often  made  hemispb.erical. 

The  first  and  most  important  point  in  staying  is  to  have  a 
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8uflBcient  number  of  stays  so  that  they  will  entirely  sui)p()it  the 
plate  without  regard  to  its  own  stiffness.     The  second  is  to  have 
them  so  placed  as  to  present  the  least  obstruction  to  a  free  inspec- 
tion, and  third,  to  have  them  so  arranged  as  to  allow  a  free  circu- 
lation of  water.      Too  much  care  cannot  be  taken  in  fitting  stays 
and  braces,  as  they  are  out  of  sight  for  long  periods,  and  a  knowl- 
edge of  their  exact  condi- 
tion is  not   always  easily 
obtained.     In  the  ordinary 
fire-tube  boiler  the  princi- 
pal surfaces    stayed    are: 
the  flat  ends,  crown  sheets, 
flat    sides    of    locon;Otive 
boilers  and  combustion 
chambers     of     cylindrical 
marine    boilers.      In   the 
case  of   most    marine    or 
Scotch  boilers,  the  diameter  is  large  compared  to  the  length  ;  hence 
the  flat  surface  is  considerable,  and  needs  careful  stiiying.     All 
the  plates   that   are    not   cylindrical    or   hemispherical  must   be 
stayed.     The  details  should  be  arranged  for  each  boiler;  a  few 
general  methods  and  cautions  can,  however,  be  given. 

The  most  common  and  simple  form  of  stay  is  a  plain  rod.    It 
is  used  to  stay  the  flat  ends  of  short  boilers.     This  stjiy  is  a  plain 


Fig.  28. 


Fig.  29. 

rod  passing  through  the  steam  space  and  having  the  ends  fastened 
to  the  heads.  The  ends  are  fastened  and  the  length  adjusted  in 
a  variety  of  methods;  the  simplest  being  nuts  on  both  sides 
ol  the  plate,  as  shown  in  Fig.  28.  The  copper  washei-s  a  and  b 
strengthen  the  plate  and  prevent  abrasion  by  the  nuts.  In  place 
oi  the  nuts  the  rod  is  often  bolted  to  angle  irons,  which  are  riv(»ted 
to  the  j)lates.  In  this  case,  turn  buckles  similar  to  the  one  shown 
in  Kig.  29  are  used  for  adjusting  the  length. 
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The  stays  are  usually  from  '|  inch  U)  au  inch  in  diameter, 
and  are  made  of  wrouglit  iron  or  steel,  with  an  allowable  stress  of 
5,000  to  7,000  pounds  per  square  inch.  If  the  ends  are  fastened 
to  riveted  angle  irons,  the  combined  area  of  the  rivets  is  made  a 
little  greater  than  that  of  the  rod. 


Fig.  30. 

If  a  boiler  is  long,  that  is,  more  than  20  feet,  long  stays 
would  sag  in  the  middle  and  not  tiike  up  the  full  stress  on  the 
end  plates.  For  long  boilers,  gusset  and  diagonal  stays  are  used. 
This  form  of  boiler  stay,  shown, in  Fig.  30,  is  made  of  wrought- 


J,  r\  r::x 


iron  plate  riveted  to  angle  irons  ;  the  angle  irons  being  riveted  to 
the  end  and  shell.  lioilers  of  the  Cornish,  Lancashire  and  Gallo 
WMV  tyiK's  ofttMi  havt*  this  kind  of  stay.  These  boilers  are  inter- 
iially  HhmI,  and  as  llu*  variation  of  t(Mnj»eratnre  causes  ex])ansion 
and  conlraction,  j^n'at  cart*  should   he   nsed   in  ])lacing  the  gusset 
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stay.    If  the  stay  is  too  near  the  flange  or  too  many  stays  are 
used,  the  head  will  be  too  rigid  and  have  a  tendency  to  crack. 

A  form  of  diagonal  stay  is  sliown  in  Fig.  31.  The  plain  rod 
is  connected  to  angle  irons  by  means  (if  split  pins.  The  angle 
irons  are  fastened  to  the  shell  and  end  by  rivets  or  bolts.  Another 
form  of  diagonal  stay,  called  the  crowfoot,  is  shown  in  Fig.  32. 
The  two  ends  are  bolted  or  riveted  to  the  end  and  shell. 
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Fig.  32.    . 

The  angle  between  the  shell  i)late  and  stay  rod  should  be 
small, —  not  more  than  30  degrees.  I'he  rod  itself  is  designed  for 
tensile  strength,  since  the  diagonal  pull  may  be  (*asily  reduced  to 
an  ecjuivalent  direct  pull.  A  large  factor  of  safety  is  used  tc 
provide  for  future  corrosion. 


Fig.  33 


For  marine  boilers,  a  modified  crowfoot  stiiy  (Fig.  33)  is  often 
used.  The  end  passing  through  the  h(*ad  is  supplitMl  with  nuts 
and  taper  washers,  the  washers  having  the  proper  taper  U)  allow 
the  nuts  to  be  set  up  tightly  against  them. 


139 


28  CONSTItUCTIOX    OF    BOILERS. 

In  locoimitive  fire-bosea  iind  in  thy  combustion  cbaniber  of 
marine  boilers,  tliere  are  two  Hat  or  slightly  lurved  surfaces  that 
must  be  stayed  together,  Tliese  are  rivet«fl  by  short  screw  sbiy 
belts.  The  bolts  shown  in  Figs.  34  and  35  are  screwed  in  place, 
and  the  ends  riveted  over,  lu  nmriiie  boilers  these  stays  are 
fastened  with  imts,  as  shown  in  Fig.  3li,  instead  of  being  riveted. 


Sometiine-i  the  hult  is  threaded  the  entire  length,  as  in  Fig,  3-1,  or 
is  turned  off  sniootli  in  the  center,  as  in  Fig,  35.  The  smooth  sur- 
face resists  corrosion,  and  is  less  likely  to  fracture  than  the  threaded 
bolt.  Sometimes  a  sniiil  hole  is  drilieil 
bolt  breaks,  the  esi;a|  j,  te  n  v  j, 
at  a.  Fig.  34,     These  l)ol     a  e  J   n 


I  the  end,  so  that  if  the 
g      This  is  shown 


ch       diameter, 

n  e  strains   which 
e  o    ft  stay  l>olt  are 
t  the  same    as    those 
t--  or  on  ordinary 
y  10  s ;  as   a  matter 
f    f         stay   bolts  fail 
1  bending  stress,  and 
^ene       y   fracture    just 
d     he  outside  sheet, 
ue  to  the  unequal ex- 
an  b  f    Ti     e  and  the  outsiil^= 

difference  of  expansion,  flexible  staj*" 
bolts  have  been  designed,  but  have  not  ci>me  into  general  use,  hot- 
are  they  likely  to,  as  they  i>ceu]iy  eonsidei-ahle  space  and  ai-e  muul  i 
more  complicated  than  the  simple  stay  bolt.     Stay  bolts  are  made 
from  the  best  quality  of  I'efined  imn,  wliich  has  been  found  to 
sbmd  the  strains   of  alternate  beating  and   cooling   better  than 
mild  steel.      Iron  stay  bolts  are   more    durable,  because  of    the 
fibrous  nature. 


FiK.  30 


paiision  between  coj  I    a 
boiler  shell.     Owing  to  thi: 
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It  should  1)6  added  tli;it  boiler  heads  are  fitrtlier  iitiffeiied  by 
chuuiel  bars  or  angles  placed  along  the  line  of  holes  for  the 
through  Etay  rods. 


Fig.  37. 

The  crown  sheets  of  fire-boxes  and  tops  of  combustion 
chambers  are  usually  stayed  by  ciowd  bar.s,  which  extend  across 
"w  flat  surfaces,  as  shown  in   Fig.  37,  the   ends  resting  on  the 


■ide  plates.  Bolts  about  4  inches  apart  connect  the  crown  slieet 
to  this  girder.  The  girder  may  be  a  solid  bar,  or  it  may  be  made 
op  of  two  fiat  plates  bolted  or  riveted  together,  aa  shown  in  the 
%iue,  the  stay  bolts  being  placed  between  the  platea  at  int^^rraU 


so 
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nf  about  4  inches.  Either  bolto  or  rivets  may  be  used  to  keep 
the  plates  which  form  the  girder  from  spreading.  Projections 
.ire  sometimes  forged  on  the  bottom  of  the  girder,  so  that  the  stay 
bolts  may  be  screwed  up  tightly  without  bending  the  phite. 

The  depth  of  the  plates  which  make  up  the  girder  vary  from 


Fig.  39. 

4  to  6  inches.  They  are  from  J  to  ^  inch  in  thickness.  If  bolts 
I  inch  in  diameter  are  used,  the  distance  between  the  plates  is 
usually  1  inch,  but  if  larger  bolts  1  inch  in  diameter  are  used, 
the  distance  should  be  1^  inches.  The  ends  of  the  bars  which 
rest  upon  the  side  plates  should  be  carefully  fitted  to  make  a  good 
hearing  and  the  ireii  should  be  sufficient  to  prevent  crushing  of 


Fig.  40. 

the  end  plates.  The  distamie  between  the  crown  sheet  and  the 
gilder  should  be  at  lea,st  IJ  inches,  so  that  there  will  be  good 
circulation  and  the  plates  may  bo  reiidily  cleaned. 

In  some  cases  the  girder  is  supported  from  the  shell  by  sling' 
stays,  as  shown  in  Fig.  38.     The  sling  stays  are  connected  to  the 
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girder  and  to  an  angle  iron,  or  T-iron,  which  is  riveted  to  the  shell. 
The  angle  iron  stiffens  the  shell.  In  designing  this  form  of  stay 
it  is  usual  to  make  the  girder  strong  enough  to  support  the  crown 
sheet  without  any  sling  stays,  and  these  stays  are  used  for  addi- 
tional support 

TUBES. 

Boiler  tubes  are  made  of  steel  or  wrought  iron,  but  most 
commonly  of  charcoal  iron  and  lap  welded.  In  the  formation  of 
the  lap  the  plate  is  upset,  then  bent  around  until  the  thickened 
edges  lap  sufficiently.  It  is  then  heated  successively  about  8 
inches  at  a  time,  and  welded  over  a  mandrel,  which  is  a  cast-iron 


Fig.  41. 

ann  Willi  a  slightly  convex  top,  over  which  the  tube  is  placed 
Tul)e8  are  measured  by  their  outside  diameters,  and  are  usually 
^e  to  gauge,  so  that  holes  for  them  may  be  bored  without  taking 
Daeasurements  from  the  tubes  themselves. 

The  holes  for  the  tubes  in  the  tube  sheet  are  usually  made 
ui  one  of  two  ways.  One  method  is  to  punch  the  tube  holes  the 
proper  size  by  means  of  a  helical  punch.  With  this  punch  the 
Ductal  is  cut  away  by  a  shearing  cut.  The  holes  ought  to  be 
punched  a  little  under  size,  and  then  reamed  out,  so  that  the  sur- 
face against  which  the  tubes  are  expanded  may  be  good.  The 
other  method  is  to  punch  or  drill  a  small  holt^  at  the  point  mark- 
ing the  center  of  the  tube  hole.  A  drill  with  a  post  in  the  eeut<ir. 
which  fits  the  small  hole,  then  drills  the  desired  size  of  hole. 
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Ordinary  tubes  are  fastened  to  the  end  plates  by  expanding 
the  metal  of  the  tube  against  the  tube  plate.  This  is  done  by  a 
tool  called  an  expander,  of  which  there  are  two  common  forms. 
One  form  consists  of  a  steel  taper  pin  and  a  number  of  steel  seg- 
ments, held  in  place  by  a  spring.     The  outride  of  the  segments 


D 


Fig.  42. 

have  the  fonn  to  be  given  to  the  expanded  tube,  and  the  inside  is 
a  straight  hollow  cone,  into  which  the  steel  taper  pin  fits.  The 
segments  are  forced  apart  by  hammering  on  the  steel  pin.  In 
order  that  the  metal  of  the  tube  may  not  be  injured,  the  hammer- 
ing should  be  done  gradually  and  carefully,  and  the  expander 
turned  frequently.  Another  form,  shown  in  Fig.  39,  has  a  set  of 
rolls  that  are  forced  against  the  inside  of  the  tube  by  driving  in 
the  taper  pin.     The  pin  and  rolls  rotate  as  the  pin  is  driven,  and 

the  rolls  gradually  expand  the 
tube  against  the  tube  plate. 

Two  forms  of  tube  expan- 
sion are  shown  in  Figs.  40  and 
41.  That  shown  in  Fig.  41  is 
preferable  to  that  in  Fig.  40,  as 
the  latter  bears  at  the  cornei-s 
only,  while  the  former  bears 
pj  ^   ^^  against  the  entii*e  thickness  of 

the  tube  sheet. 
After  the  tubes  are  expanded,  the  ends  are  beaded  over,  as 
shown  in  Figs.  40  and  41.      This  adds  to  the  strength  of  the  con- 
nection  between  tlie  lube  and  tube  sheet.     The  tool  commonly 
used  for  this  beading  is  shown  in  Fig.  42. 

Ferrules  are  often  placed  in  the  ends  of  fire  tubes,  and  serve 
to  protect  the  ends  from  the  intense  heat  of  the  fire.  The  ar- 
rangement is  shown  in  Fig.  43,  the  ferrule  F  being  placed  within 
the  tube  for  a  short  distance.  The  space  A  is  merely  an  air 
space. 
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Stay  tubes  are  not  used  as  extensively  at  the  present  time  as 
they  were  formerly.  They  were  very  common  at  a  time  when  the 
holding  power  of  expanded  tubes  had  b^en  experimented  on  but 
little.  It  is  now  apparent  from  such  tests  that  the  holding  power 
of  tulles  expanded,  as  shown  in  Fig.  40,  is  more  than  equal  to  the 
pressure  on  the  spaces  between  the  tubes  of  an  ordinary  tube 
plate.     Stay  tubes  are  simply  heavier  tubes,  with  the  ends  pro- 


V\ir.  44. 

jectlng  beyond  the  tube  sheet  and  threaded  for  shallow  nuts. 
The  ends  of  the  iulyeQ  are  frequently  upset  or  thickened,  and 
screwed  into  the  tube  slieet  as  well.  This  form  is  shown  in 
Fig.  44. 

FURNACE   FLUES. 

Flues   which  are  subjected  to  external   i>rcssure    should  al- 
ways 1)0  cylindrical.     Fig.  45  sliows  the  section  of  the  Adamson 


Fij;.  45. 


Viii.  4<5. 


il'ie.  This  was  an  ini[)rovement  over  the  plain  furnace,  as  it 
IS  more  elastic  and  allows  expansion ;  the  Hanged  rings  also 
strengthen  and  stiffen  it  against  croUapsc.  The  methods  of  build- 
ing furnaces  shown  in  Figs.  40  and  47  are  not  considered  as  good 
M  the  Adamson  aiTangement.     Fig.  46  is  too  rigid,  and  does  not 
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hIIow  a  free  expansion  and  contraction.  Fig.  47,  on  t)je  other 
hand,  permits  of  such  extremely  well,  but  both  have  the  fault  of 
exposing  a  double  thickness  of  plates  and  two  rows  of  livets  to 
the  fire. 

Tlie  corrugated  flue  shown  in  Fig.  48  is  popular  and,  fur^ 
thermore,  is  excellent.  There  is  freedom  for  expaLsion  through- 
out its  whole  length   thereby  reducing  the  strains  on  the  boiler. 


The  plates  should  bo  thick  enougli  to  prevent  sagging  in  the  mid- 
dle, the  thickness  usually  varying  from  -^g  inch  to  ^  inch.  Cor- 
rugated furnaces  are  riveted  to  the  rear  tube  sheet  in  the  return 
tube  boiler  of   the   marine  type,  the  end  of  the  furnace  being 


flanged  at  the  fi-ont;  and  the  head  of  the  Iwileris  fliinged  around 
the  opening  eiit  for  the  furnace,  wliicli  fit«  well  into  the  flange. 

CALKING. 

In  onler  that  riveted  joints  of  buileis  may  be  steam  and 
watur  tight,  tliey  generally  require  calking.  This  process  up- 
sets the  metal  of  the  overlapping  plate,  or  burrs  down  the  edgCt 
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fcmiing  it  into  close  contact  with  the  lower  plate,  and  rendering 
the  joint  steam  tight. 

The  calking  tool  is  similar  to  a  chisel,  the  end  having  a  va- 
riety of  shapes.     Fig.  49  shows  a  round-nosed  tool  which  burrs 
down  the  upper  plate  without  cutting  the  under  plate ;  but  it  is 
hard  to  start,  and  in  calking  with  such  a  tool  the  edge  is  firet 
started  with  a  sharper  round-nosed  tool,  and  then  finished  with 
one  as  indicated  in  the  figure.       If  a  square-end  tool  is  used,  as 
shown  in   Fig.  50,  the  under  plate  is  likely  to  be  cut,  and  the 
plates  l>etween  the  edge  and  the  rivet  be  separated.     The  most 
common  form  of  calking  tool  is  one  similar  to  the  one  shown  in 
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Fij;.  41).  Fijr.  50. 

Fig.  49,  except  that  the  end  is  flat,  with  a   slight  bevel,  and    not 
round. 

A  slight  bevel  given  the  plates  makes  both  calking  and  ful- 
lering more  easily  done.  When  the  calking  tool  is  thin  it  is 
sometimes  driven  by  careless  workmen  into  the  joint,  wedging  the 
plates  open.  Severe  and  careless  Ciilking  is  very  injurious  to 
boilers.  On  the  inside  it  often  causes  grooving  and  fracture,  and 
the  fracture  of  plates  then  follows  the  line  of  calking  rather  than 
the  line  of  rivet  holes.  A  pneumatic  calking  machine  is  often 
used  in  lx)iler  shops,  as  it  does  this  work  about  four  times  as 
rapidly  as  it  can  be  done  by  hand.  It  resembles  a  rock  drill  in 
genend  principles.  Air  is  supplied  through  a  flexible  tul)e,  at  a 
pressure  of  about  70  pounds  per  square  inch.  It  makes  about 
1»500  strokes  a  minute. 
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34 i  or  multiplying  the  horse-power  of  the  engine  or  engines  hy 
the  steam  consumption  per  horse-power  per  hour.  This  is  known 
approximately  for  every  type  of  engine. 

GENERAL   REQUIREHENTS. 

When   we  know  these  facts  we  design  our  boiler  so  as  to 
have : 

1 .  Sufficient  area  of  grate  to  burn  the  required  amount  of 
fuel  under  the  given  draft. 

2.  Enough  heating  surface  to  absorb  tlie  lieat  of  combustion. 

3.  Combustion  chamber  and  flue  area  large  enough  to  (!()ni 
pleU'ly  burn  and  carry  oflE  the  products  of  combustnjn. 

4.  Water  spac^e  sufficiently  large  so  that  a  sudden  demand 
will  not  cause  too  great  a  variation  ni  water  level. 

5.  Surface  of  water  large  compared  to  volume,  ni  oider  that 
steam  may  l)e  rapidly  disengaged. 

6.  Steam  space  large  enough  to  supply  an  irregular  demand 
without  causing  a  great  change  of  pressure. 

7.  Steam  outlet  large  enough  to  sup[>ly  steam  to  the  engine 
^thout  wire-<l rawing. 

If   the  outlet  Ls  not  sufficiently  large    to    supply  plenty  of 

**team,  the  demand  will  be  greater  than  the  su[)}>ly  and  the  steam 

^^il  be  throttled  or  wire-drawn,  that  is,  it  will  lose  some  pressure. 

For  all  common  types  of  boilei-s,  the  proportions  between  the 

^■K>ve  requisites  have  been  determined  by  experiment  and  mathe- 

'^^24tics.     These  relations,  with  simple  calculations  and  good  jndg- 

*^^tit  on  the  part  of  the  designer,  are  all  that  are  needed  for  this 

^ork. 

AREA   OF   GRATE. 

A  square  foot  of  grate  area  will  burn  different  weights   of 

^^^l  m  a  given  time,  according  to  the  nature  of  the  dratt.     if  the 

^*^iler  can  be  made  of  any  size,  as  is  the  case  with   many  land 

^^1  lers,  a  slow  rate  of  combustion  with  natural  draft  is  used,  as 

^   Us  the  most  economical.     The  lengtii  of  the  grate  is  limited  by 

*^^    distance    to    which   a    fireman    can    throw    coal    accui-at^dv. 

y-  dually  6  or  7  feet  is  the  limit.     In  locomotive,  t()r[)edo  Ixmt  and 

^^  Some  vertical  land  boilers,  the  sizt?  of  grate  is  limited ;  in  ordei 
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to  get  the  necessary  work  from  the  boiler,  forced dnift  is  used  and 
the  rate  of  combustion  increases  to  over  100  pounds  i)er  square 
foot  per  hour.  In  Lancashire  boilers,  with  two  internal  flues,  the 
breadth  is  limited.  The  rate  of  combustion  is  stated  in  pounds 
[x^r  square  foot  of  grate  area  per  hour,  and  varies  with  the  type 
of  l)oiler  and  the  draft.  The  following  table  gives  the  rates  of 
combustion. 

CHIMNEY   DRAFT. 

Cornish  boilers,  slow  rate  4 — 6    lbs.  per  sq.  ft.  j^r  hour. 

Cornish  l^oilers,  ordinary  rate  10 — 15  lbs.  jwr  sq.  ft.  per  hour. 

Factory  boilers,  ordinary  rate  12 — 18  lbs.  per  sq.  ft.  per  hour. 

Anthnicite  coal,  quick  rate  15 — 20  ll)s.  per  sq.  ft.  per  hour. 

Hituniiiious  coal,  quick  rate  20 — 30  lbs.  per  sq.  ft.  ^x^r  hour. 

Marine  l)oilers,  ordinary  rate,  15 — 25  lbs.  per  sq.  ft.  per  hour. 

Water  tnhe  boilers  10 — 25  lbs.  per  sq.  ft.  |)er  hour. 

FORCED  DRAFT, 

Marhie  lx)ilera,  60 — 130  lbs.    per  sq.  ft.  [>er  hour. 

Locomotive  lK)ilers,  40 — 120  lbs.    j>er  sq.  ft.  per  hour. 

The  evaporation  per  square  foot  of  grate  surface  de|>ends 
U[Km  the  ty[)e,  the  rate  of  comlmstion,  condition  of  l)oiler  and  care 
in  tiring.  The  highest  ratii  is  obtiiined  with  slow  rate  of  combus- 
tion, care  and  skill  in  firing,  and  clean  platen  and  tul)es.  The 
tiil)le  gives  the  equivalent  evaporation  per  pound  of  coal  for 
seveial  types. 

Plain  cylindrical  5 —  H  pounds. 

Vertical  7 — 10  pounds. 

Cornish  6 — 11  i)Ounds. 

Lancasliire  0.1-12  pounds, 

(lalloway  0 — 12.1  l>ounds. 

Miiititul)ular  8 — 12  pounds.    ^ 

WaU*r  tulxi  6—12  pounds. 

Marine  return  tulje  7 — 12  pounds. 

Locomotive  () — 12  })()unds. 

Kx[)erimeni  shows  that  an  increase  in  the  amount  of  coal 
burned  per  square  foot  of  giiitc  per  hour  gives  an  increase  in  the 
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amount  of  water  evaporated  ;  but  a  decrease  in  amount  (evaporated 
IK'Y  jK)und  of  fuel,  or  a  decrejise  in  economy. 

To  lind  the  area  of  grate  for  a  boiler.  Let  (i  =  area  of 
^rate  in  square  feet,  R  =  rate  of  combustion  in  pounds  jH»r  stjuaiti 
foot  i)er  hour,  E  =  evaporation  per  pound  of  coal. 

rp,       p  Pounds  of  water  eva2)orated 

~  E^  R 

Let  us  take  an  example.  Suppose  we  have  an  externally 
fired  multitubular  boiler;  assume  the  rate  of  combustion  to  l)e  12 

pounds,  and  that  our  type  of  boUer  will  evaporate  1)  pounds  of 

wulrr  i)er  i)ound  of  coal.     How  large  must  the  grate  be,  if  2400 

pounds  of  water  are  evaporated  per  hour  ? 

G  =_ —  = =z  22.2  square  feet. 

E  X  R        1)  X  12  ^ 

Then  22.2  square  feet  of  grate  surface  are  necessary.  In  tliis 
case  the  grate  probably  would  be  made  G  feet  by  4  IVet  or  24 
square  feet* 

TUBES, 

On  account  of  the  small  number  of  successful  experiments 
concerning  flues  and  chimneys,  it  is  usual  to  proportion  tul)(»s,  Jhu»s 
aud  chimneys,  by  comparison  with  those  that  have*  given  good 
results.  If  the  tul)e8  are  too  large  the  hot  gases  in  tlie  centre  [kiss 
^P  the  chimney  at  high  temperature.  Now  we  will  lind  the  num- 
^r  of  tubes.  ^  Let  A  =  total  area  in  s(|uin*e  ftM^t  througli 
which  the  smoke  passes,  that  is,  the  combined  internal  area  of  all 
the  tul)es.  The  total  area  of  the  tubes.  A,  is  usually  made  ^  to  J 
the  areii  of  the  grate.  If  we  design  our  boiler  to  have  the  ratio 
1  •  8  we  probably  will  have  enough  area.  Let  us  assume  our 
tul)e8  to  be  3  inches  in  diameter  and  16  feet  h>ng.  From  the 
^^'le,  oil  page  40.  of  lap  welded  boiler  tubes  we  lind  that  the  inter- 
iial  area  of  a  3  inch  tube  is  G.08  square  inches,  the  internal  cir- 
cumference is  8.74  inches,  external  eircuniferencM*  is  9.42  inches, 
and  the  external  area  is  7.07  square  inches.  As  J  of  our  grate 
surface  is  ^  or  3  square  feet,  or  432  st^uare  inches,  the  number  of 
tubes  will  be  432  -r-  6.08  =  71. 
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LAP  WELDED  BOILER  TUBES. 


External 

Diameter. 

Inches. 

Internal 

Diameter. 

Inches. 

Thickness. 
Inches. 

Internal          ' 
Circumference. 
Inches. 

1 
^                External 
—           Circumference. 
j5                 Inches. 

1 

Internal  Area. 
Square 
Inches.            i 

oB 

V 
M 

.786 

Length  of  tube 

per  sq.  ft.  inside. 

Feet. 

Weight 

per  foot. 

Lbs. 

1 

.85(1 

.072 

2.(W9 

.in  ,* 

4.4(50 

3.819 

.708 

IX 

1.106 

.072 

3.474 

3.1)27 

.1)(>0 

1.227 

3.4.">5 

3.05(5 

.900 

IK 

l.:m 

.083 

4.11)1 

4.712 

i..3i)(; 

1.7(57 

2.863 

2..547 

1.25 

IH 

1 ..'»«() 

.01)5 

4.1)01 

5.41)8 

1.911 

2.405 

2.448 

2.183 

1.6(55 

2 

1.804 

.008 

5.l)(i7 

(».2S3 

2.,M(; 

3.142 

2.118 

1.909 

1.981 

2% 

2.054 

.01)8 

(J. 484 

7.0(11) 

3.314 

3.97(5 

1.8,50 

1.(598 

2.238 

2}^ 

2.28.3 

.101) 

7.172 

7.854 

4.094 

4.909 

1.673 

1  .,528 

2.7.55 

2K 

2.5,3,3 

.101) 

i  .!).)< 

8.(»31) 

5.0.39 

5.940 

1.508 

1.390 

3.045 

3 

2.78a 

.101) 

8.743 

1).425 

(5.083 

7.0(59 

l.;V73 

1.273 

3.333 

3X 

3.012 

.  1 11) 

1).462 

10.210 

7.125 

8.29(5 

1.2(58 

1.175 

3.958 

•^K 

3.2(12 

.119 

10.24S 

10.1)1)5 

8. .357 

9.(521 

1.171 

1.091 

4.272 

.3?^ 

3.512 

.111) 

11.033 

11.781 

9.(587 

11.045 

1.088 

1.018 

4.. 590 

4 

3.741 

.130 

11.7,'i3 

\2.'>i]i) 

10.992 

12..5(5(> 

1.023 

.955 

5.32 

4>^ 

4.241 

.130 

13.. 323 

14.137 

14.12() 

15.904 

.901 

.849 

6.01 

5 

4.720 

.140 

14.818 

15.708 

17.497 

19.(>35 

.809 

.764 

7.226 

G 

5.r,oi> 

.151 

17.1)04 

IK. MI) 

25.509 

28.274 

.670 

.(537 

9..346 

8 

7.(;3(5 

.182 

23.1)81) 

25.1.32 

4.">.71)5 

50.2(55 

.500 

.478 

15.109 

10 

1)..''*73 

.214 

,30.074 

31.41(5 

71.975 

78.540 

.399 

..382 

22.190 

12 

11.542 

.221) 

3(;.200 

37.01)9 

103.749 

113.097 

.330 

.318 

28.516 

IC 

15.4,58 

.271 

48.5(12 

50.2(;5 

187.(507 

201.0(52 

.247 

.238 

45.200 

20 

19..3r.0 

..320 

G0.821 

(12.8.32 

294.373 

1 
1 

314.159 

.197 

.190 

66. 7<  55 

VBSL 
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STEAH  SPACE. 

The  steam  space  is  frequently  designed  as  some  fraction 
of  the  volume  of  the  sliell,  usually  about  ^ .  A  better  way  is  to 
design  it  from  tlic  steam  consumption  of  the  engine.  Suppose  the 
engine  uses  '^0  i)ounds  of  steam  at  75  pounds  pressure  per  H.  P. 
{K»r  hour.  The  absolute  pressure  then  is  90  ix)unds  (nearly)  and 
the  specific  volume  at  that  pressure  is  4.8o  (from  steam  tables). 
As  steam  is  being  generated  at  an  approximately  constant  rate,  the 
supply  kept  on  liand  need  not  be  great.  If  the  surface  for  the 
disengagement  of  stc^ani  is  sufficient,  the  ratio  of  tin*  sti'am  sj^ace  to 
tlie  volume  of  the  cylinder  is  from  50  :  1  to  150  :  1  depending  upon 
the  speed  of  the  engine.  Experiment  shows  that  if  the  steam 
space  is  equal  to  the  volume  of  steam  consumed  by  the  engine  in 
20  seconds,  it  is  suilicient.  If  the  space  is  only  equal  to  the  steam 
iis(h1  in  12  seconds,  there  may  be  a  (considerable  ([uantity  of  Avater 
carried  over  with  the  steam.  If  the  engine  is  slow  speed,  that  is 
less  than  GO  revolutions  per  minute,  the  steam  space  should  be 
larger. 

The  volume  of  the  steam  sptice  per  II.  P.  will  be  the  inimber  of 

pounds  of  steam  used  {yev  H.  P.  in  20  seccmds,  nudtiplied  by  its 

.«        ,  30  X  4.85  X  20  Q.        I  •     r    ..    /         IX 

speeinc  volume,  or — •    =   .81  cubic  feet    (nearly) 

^  60  X  t)0  \  JJ 

per  H.  P. ;  and  if  the  engine  is  of  75  H.  P.  our  steam  space  will 
be  .81  X  7d  =  60.75  cvbic  feet. 

TUBE  SPACE. 

The  space  occupied  by  the  tubes  is  equal  to  their  volumes. 
The  volume  of  one  tube  is  its  external  area  multiplied  by  the 
length  in  inches.  The  total  volume,  in  cubic  inches,  is  the  above 
result  multiplied  by  the  number  of  tulx^s.  This  is  reduced  to 
^ubic  feet  by  dividing  by  1728.  The  space  occupied  by  the  tubes 
will  be 

71  X  7.07  X  16  X  12  ^  ^^  „  ^^^^,^  ^^^^^ 
1728 

WATER  SPACE. 

Then  if  we  assume  curiam  space  to  be  J  the  volume  of  the 
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;ivtiilabl(»  space  in  the  shell,  the  water  s^xvce  will  Im)  twice  the 
steam  space,  or  2  X  00. TT)  =  121.5  eul)ic  feet. 

DIHENSIONS  OF  BOILER. 

The  volume  of  the  boiler  will  be  : 

Steam  space  .81  X  75  :=  60.75  cubic  feet. 

r,,     ,  71     X     7.07     X     IC     X     12  rr^^  1/4. 

lul)e  soiice — — -  =     55.  «7  cubic  feet. 

*  1728 

Water  space  .81   X  75  X  2=  121.5   cubic  feet 

Tot^il  space  '238:oTcubic  feet. 

Since  the  tubes  are  16  feet  long  the  area  of  the  end  will  lie 

.  =:  14.0  <  square  feet. 

This  area  gives  a  diameter  of  about  4 J  feet  or  52  inches.  We 
will  make  the  boiler  4i   feet  or  54  mches  in  diameter.       Then 

at 

the  boiler  will  be  16  feet  long  and  54  inches  in  diameter;  with 
7 1  tubes  3  inches  in  diameter.  For  moderate  j)ower,  a  common 
rule  is  to  nuike  the  length  al)out  S\  times  the  diameter ;  by  this 
rule  our  boiler  is  3.55  times  the  diameter. 

HEATING   SURFACE. 

The  portion  of  a  boiler  that  is  exposed  to  the  flames  and  hot 
gtises  is  called  the  heating  surface.  This  is  made  up  of  the  jx)r- 
tious  of  the  shell  below  the  brickwork,  the  expased  ends,  and  the 
internal  surface  of  the  tubes.  If  tin*  boiler  is  of  the  water  tube 
type,  the  exterior  surface  of  the  tubes  is  t^iken  in  place  of  the 
interior  surface. 

If  our  boiler  is  an  ordinarv  multitubular  l>oiler  we  win  as- 
sume  the  heating  surface  to  be  the  total  inside  area  of  the  tulies 
plus  one-half  the  area  of  the  shell.     Then: 

Heating  surface  of  tubes    — —    -~ — -    -  -   =  827.38  square  feet. 

Heating  surface  of  shell       *    *!>-- — 1!.  =  113.10  square  feet. 

940.48  square  feet. 

The  ratio  of  heating  surface  to  grate  surface  will  bo 

:^-^M?  =  :i9.2  or  about  39. 
24 
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As  this  ratio  is  high  enough  we  will  not  alter  our  figures.  If  the 
ratio  had  been  too  low  we  could  have  added  more  tubes  and  found 
a  new  boiler  diameter.  The  heating  surface  should  not  be  less 
than  1  square  yard  or  9  square  feet  per  horse-power.  So 
940.48  -r  75  =:  12.54  or  our  boiler  has  12.54  square  feet  of  heating 
surface  per  horse-power.  This  is  of  course  abundantly  sufficient. 
The  capacity  of  heating  surface  to  transmit  heat  to  water 
depends  upon  conductivity,  position  of  surface  and  temperature 
of  furnace.  In  designing  it  is  safe  to  follow  proportions  of  heat- 
ing surface  to  grate  area  in  the  various  types,  which  experience 
has  shown  to  give  the  best  results.  The  following  are  the  pro- 
portions for  a  few  types. 

TTi- J  ^M  n^n^..  Ratio  of  Heating  Surface 

Kind  of  Boiler.  ^  ^^^^  %yxtUc^. 


Marine,  Return  tube, 

25—38 

Lancashire   boiler. 

26—83 

Coruisb, 

27—32 

Horizontal,  internally  fired. 

40—60 

Water  tube, 

84—66 

Locomotive  boiler  (forced  draft). 

80     84 

Marine, 

28—82 

RATIO  OF  GRATE  SURFACE  TO  HORSE-POWER. 

The  ratio  of    grate  surface  to  horse-power  varies  with    the 
type,  as  is  shown  below. 

Kind  of  Boiler.  Ratio. 

Plain  cylindrical, 

Multitubular, 

Vertical, 

Water  tube, 

Lancashire, 

Marine  return  tube. 

Locomotives, 

Makers  of  boilers  sometimes  estimate  the  II.  P.  by  the  heat- 
log  surface.  That  is  the  horse-power  is  a  fraction  of  the  heating 
surface.  The  ratio  of  heating  surface  to  II.  P.  for  several  types 
is  as  follows: 


to 

.7 

A 

to 

X> 

.6 

to 

.  i 

.3 

.1 

to 

.16 

.12 

.02 

to 

.06 

100 
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Plain  cylindrical,  6      — 10 

Multitubular,  14      —18 

Vertical,  15      —20 

Water  tube,  10      —12 

Marine  return  tube,  3.25 —  4 

Lancashire,  2.75 —  4.25 

Locomotive,  1      —  2 

It  is  evident  that  some  portions  of  the  heating  surface  of  a 
boiler  have  greater  efficiencies  than  others.  For  instance,  more 
heat  will  pass  through  the  crown  sheet  as  it  is  nearer  the  fire  than 
through  the  last  few  feet  of  the  tubes.  Taking  the  efficiency  of 
the  crown  sheet  as  1,  an  estimate  of  the  percentage  of  the  other 
parts  of  a  boiler  is  as  follows : 

Crown  of  furnace  m  flue,  .95 

Plates  of  cylindrical  boiler  over  furnace,  .90 

Fire  box  tube  plate  of  locomotive  boiler,  .80 

Water  tube  surface  facing  fire,  .70 

Vertical  side  of  fire  box,  .50 

If  a  cylindrical  multitubular  boiler  is  divided  into  equal  sec- 
tions, the  section  nearest  the  fire  will  evaporate  more  water  than 
the  one  at  the  other  end,  as  the  gases  have  a  higher  temperature 
at  the  first  section.  Suppose  we  divide  the  boiler  into  six  sec- 
tiors  of  equal  length,  and  call  the  total  evaporation  100  per  cent. 
Then  the  per  cent  of  evaporation  })er  section  will  be  approximately 
as  follows  : 

Section  12       3       4       5       6 

Evaporation       47     23     14       8       5       3 

If  the  length  of  a  boiler  is  incretvsed  another  section,  the 
evaporation  will  l)e  increased  a  little  but  at  the  same  time  the  radi- 
ating surface  is  increased.  In  case  the  addition  of  a  section  for 
evaiX)nition  causes  a  loss  by  radiation  nearly  equal  to  the  giiin  in 
evaporation,  it  is  not  economical  to  add  the  section  on  account  of 
the  exti-a  cost  of  the  lK)iler.  If  forced  draft  or  an  increasj  of  air 
of  dilution  is  used,  the  l)oiler  should  be  made  longer  to  avoid  waste. 
The  air  of  dilution  is  the  amount  of  air  above  that  which  is  neces- 
sary to  burn  the  coal. 
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WATER   LEVEL- 

If  the  steam  space  in  a  multitubular  boiler  is  known  the 
water  level  can  be  found,  for  the  section  of  the  steam  space  is  a 
segment  of  a  circle.  In  the  above  boiler  the  required  steam  space 
is  60.75  cubic  feet;  hence  the  segmental  area  is  60.75-^16  or 
3.8  square  feet,  or  547.2  square  inches.  The  height  of  this  seg- 
ment is  15.55  inches.  This  height  is  found  either  by  calculation 
or  from  a  table  of  segments.  Then  the  mean  water  level  is  15.55 
inches  from  the  top  portion* of  the  shell.  The  variation  of  water 
level  in  a  boiler  of  this  type  and  size  should  not  exceed  6  inchts. 

END   PLATE. 

The  end  plate  or  tube  sheet  is  usually  made  -^^  or  |  inch 
thicker  than  the  shell  plates.  This  is  done  for  additional  stiffness, 
and  increase  of  strength ;  the  plate  being  weakened  by  drilling 
the  holes  for  the  ends  of  the  tubes. 

The  tubes  should  be  arranged  in  vertical  and  horizontal  rows, 
if  possible,  in  order  that  the  rising  bubbles  of  steam  may  not  be 
liindered.  To  get  good  circulation  the  horizontjil  spaces  should 
be  a  little  greater  than  the  vertical,  and  a  central  circulating 
s{>ace  should  be  provided,  if  the  necessary  number  of  tul)es  can  be 
put  in  without  using  the  entire  space.  The  tubes  should  l)e  from 
I  to  1  inch  apai-t,  and  to  prevent  burning  of  the  tubes,  the 
top  row  at  least  3  inches  below  the  water  level,  and  the  bottom 
tubes  6  inches  from  the  shell.  At  this  point,  a  drawing  of  the 
end  plate  should  be  made,  to  show  the  arrangement  of  tubes,  etc. 
If  it  is  impossible  to  put  in  the  required  number  of  tubes,  without 
raising  the  water  level,  the  diameter  of  the  boiler  must  be  in- 
creased. If  we  wish  to  increase  the  heating  surface  without  in- 
creasing the  diameter  we  can  use  smaller  tubes  or  make  the  boiler 
a  little  longer, 

STRENGTH  OF  BOILERS. 

According  to  Pascal's  Law,  liquids  and  gases  exert  prassure 
equally  in  all  directions.  Steam  in  a  boiler  exerts  the  same  pres- 
sure on  all  portions  of  the  shell.  As  the  pressure  inside  a  boiler 
ia  considerably  greater  than  that  outside   (the  atmospheric  pres- 
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sure),  there  is  a  tendency  to  burst  the  shell.     This  tendency  is 
resisted  by  the  plates  of  the  boiler. 

A  sphere  is  the  strongest  form  to  resist  pressure,  for  since 
pressure  is  equal  in  all  du-ections,  there  is  a  tendency  towards  en- 
larging the  sphere  and  not  to  rupture.  But  a  sphere  has  the 
smallest  area  for  a  given  volume  and,  as  a  large  heating  surface  is 
desimble,  and  on  account  of  mechanical  liifficulties,  a  spherical 
boiler  is  never  used.  The  boiler  is  made  cylindrical  to  obtain 
greater  heating  surface  and  the  loss  in  strength  is  made  up  by 
stajdng. 

In  the  consideration  of  the  strength  of  cylinders  it  is  usual  to 
divide  the  rupturing  strains  into  two  classes ;  those  which  tend  to 
rupture  the  cylinder  longitudinally  and  those  wliich  tend  to  rupt- 
ure it  circumferentially  or  transversely. 

Let  us  exanune  them  separately.  The  tendency  tc  cause 
longitudinal  rupture  or  to  rend  the  cylinder  in  lines  parallel  with 
the  axis,  may  be  considered  as  the  pressure  exerted  on  a  semi- 
circumference,  and  tending  to  rupture  the  cylinder  in  a  plane 
through  the  diameter.  Since  pressure  acts  equally  in  all  direc- 
tions, the  whole  amount  exerted  on  a  semi-circumference  is  not 
exerted  directly  upwards  and  downwards.  But  all  these  forces 
may  be  resolved  into  their  vertical  and  horizontal  components. 
If  we  take  the  plane  as  horizontal,  it  is  evident  that  the  horizontal 
components  have  no  tensional  effect  at  the  points  of  rupture.  By 
taking  the  vertical  components  at  an  infinite  number  of  points  it 
can  be  proved  that  their  sum  is  equal  to  the  full  pressure  exerted 
on  a  rectangular  plane  equal  to  the  projection  of  the  cylindrical 
surface.  In  this  case  the  projection  is  the  piano  through  the 
diameter  and  has  an  area  equal  to  the  product  of  the  length  of 
the  cylinder  multiplied  by  the  diameter  of  the  cylinder.  Then 
the  force  tending  to  rupture  would  be  the  pressure  per  square 
inch  multiplied  by  the  area.  Let  p  =  pressure  in  pounds  per 
square  inch,  I)  =  diameter  of  boiler,  t  =  thickness  of  plate,  L  =: 
length  of  boiler,  S  1=  tensile  strength,  E  z=  efficiency  of  joint, 
and  f  =  factor  of  safety.  The  force  tending  to  rupture  longi- 
tudinally will  be,  pLD.  The  strength  of  the  cylinder  to  resist 
this  rupturing  force  is  represented  by  the  tensile  strength  of  the 
material  multiplied  by  the  areas  of  sections  of  metal.    Or  expressed 
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algebraically  is  2tLS.     When  rupture  is  about  to  take  place  the 
rupturing  force  and  the  strength  are  equal,  or 

pDL  =  2tLS    or    pD  =  2tS 
from  which  p  =   —  and  t  =  i —    which  are    the    formulas  for 

pressure  and  thickness  and  for  longitudinal  strength. 

The  extra  pressure  due  to  increased  length  is  balanced  by  the 
increase  of  metal  as  is  shown  by  the  elimination  of  the  factor  L  of 
the  equation. 

The  tendency  to  rupture  circumferentially  is  evidently  repre- 

sented  by  the  area  of  the  end  or  — - —    multiplied  by  the  pressure 

per  square  inch.     The  strength  to  resist  this  force  is  the  area  of 
metal  to  be  ruptured  multiplied  by  the  tensile  strength  or  tt  DtS 

^^X  p  =  7rDtS 
4 

Dp  =  4tS 

By  comparing  these  two  formulas  we  sec  that  with  the  same 
internal  pressure,  diameter  and  thickness  of  shell,  a  cylindrical 
boiler  is  twice  as  strong  transversely  as  it  is  longitudinally,  hence  the 
greatest  tendency  to  rupture  is  usually,  but  not  alwajns,  along 
the  longitudinal  seams. 

Therefore,  in  designing  the  thickness  of  shell  we  use  the 
formula  for  longitudinal  rupture, 

pD  =  2tS  or  t  =  pP 

^  28 

or,  inserting  the  factors  for  efficiency  of  joint  and  factor  of  safety, 

^       2tSE 

For  allowable  pressure    p  = 

For  thickness  of  shell      t  =i    -  ^  j. 

2SE 

Now  let  us  find  the  thickness  of  the  boiler  that  we  are  design- 
ing. Suppose  after  testing  our  material  we  find  that  its  ultimate 
tensile  strength  is  54,000  pounds  per  square  inch.  In  this  case 
6  will  be  sufficiently  large  for  a  factor  of  safety.     This  factor  can 
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be  reduced  if  the  efficiency  of  the  joint  is  large.  Let  us  assume 
that  our  joint  has  an  efficiency  of  70  % .  This  is  merely  a  supposi- 
tion because  we  have  not  yet  constructed  the  joint ;  but  we  assume 
a  factor  in  order  to  find  a  trial  tliickness. 

Then  t  =  !Pp  =  ^^  ^.?ly  ^^^  =  .32  or  about  A  inches. 
2SE       2  X  64000  X  .7  ^^ 

RIVETED  JOINTS, 

The  best  knowledge  of  the  strength  and  proportions  of 
riveted  joints  can  be  obtained  by  tests  of  full  sized  pieces.  Let  us 
consider  the  strength  and  efficiency  mathematically.  Riveted 
joints  may  fail  in  several  ways.  1.  By  shearing  the  rivets. 
2.  By  tearing  the  plate  at  the  reduced  section  between  the 
rivets.  3.  By  crushing  the  plate  or  rivets  where  they  are  in 
contact.  4.  By  cracking  the  plate  between  the  rivet  hole  and 
the  edge  of  the  plate.  As  the  lap  in  practice  can  always  be  made 
sufficiently  wide  a  joint  need  never  fail  in  tliis  last  way. 

As  all  stresses  may  be  resolved  into  the  three  kinds,  tensile, 
compressive  and  shearing,  we  will  investigate  for  these  stresses. 
Let  P  ;=  the  tensile  stress  transmitted  from  one  plate  to  the  other 
by  a  single  rivet,  t  =  the  thickness  of  the  plate,  d  =  the  diameter 
of  the  rivet,  p  =  the  pitch,  and  S^,  Sg  and  S^  the  unit  stresses  in 
tension,  shear  and  compression  respectively  produced  by  P  on  the 
plates  and  rivets.  Therefore  the  tension  on  the  plate,  P  will  bo 
equal  to  the  area  of  the  metal  between  the  rivets  multiplied  by  its 
unit  tensile  stress,  or 

P  =  t  (p  —  d)  St 

For  shear,  P  will  equal  tlie  area  of  the  rivet  multiplied  by 
the  unit  shearing  stress,  or 

P    zz:    J   TT  d2S, 

For  compression,  the  stress  is  supposed  to  be  equivalent  to  a 
stress  uniformly  distributed  over  the  projection  of  the  cylindrical 
surface  on  a  plane  through  the  axis  of  the  rivet.  Then  P  will  1m^ 
equal  to  the  area  of  the  projection  multiplied  by  the  unit  compres- 
sive stress,  or 

P  .-=  tdS. 
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The  above  formulas  are  for  single  riveted  lap  joints.  If  an- 
other row  of  rivets  is  used  the  plates  should  have  a  wider  lap.  Let 
p  =  the  pitch  in  one  row;  then  the  stress  will  be  distributed  over 
two  rivets. 

The  three  formulas  in  this  case  will  be. 

P  =  t(p-d)S» 
P  =  2xi7r(l'S3 
P  =  2  tdSe 

For  single  riveted  butt  joint,  the  shear  comes  on  two  rivets; 
this  is  called  doable  shear.     The  above  formulas  become 

P  =  t(p-d)S, 
P==2X  jTTd^S. 
P  =  tdSe 

The  efficiency  of  a  joint  is  the  ratio  of  its  allowable  stress  to 
the  allowable  stress  of  the  uncut  plate.  The  allowable  stress  of 
the  plate  is  represented  by  the  formula  ptS^. 

t(p  —  d)St       p  —  d 
Then  the  eflBciency  for  tension  is,  E  =  — - — to = 

^       i^rd'Sg      iTrd^SgC 

For  shear,  E  =  - — ^73 —  or  - — 77^ — 
'  ptbt.  ptbt 

.       ^       tdSe        dSe         dSea 
For  compression,  E  =  -7cr  or  -.r  or  — rr- 

In  the  above  formulas,  a  =  the  number  of  rivets  in  the  width 
p,  and  c  =  the  number  of  rivet  sections  in  the  same  space.  The 
smallest  value  of  E  is  to  be  taken  as  the  efficiency  of  the  joint 

In  designing,  we  try  to  get  a  joint  in  which  all  parts  will  have 
equal  strength  or  the  resistance  of  the  plate  to  tension  will  equal 
the  resistance  of  the  rivets  to  shearing  and  each  will  equal  the 
resistance  of  the  rivet  to  compression  or  crushing.  This  will  be 
the  case  if  the  three  efficiencies  are  equal. 

Solving  for  d  in  the  second  and  third  we  get 

I  TT  d^SgC  __  dSea  _  4aSet 

ptSt       ~"  pSt  ~7rcSs 

If  we  know  t  we  can  find  d  from  the  above  equation. 
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To  find  the  pitch  we  make  the  first  equation  eqnal  to  the 
third,  or  the  formula  for  tension  equal  that  of  compression,  and 
solve  for  p 

p  pSt  bt 

substituting  the  value  for  d,  obtained  above, 

^  4aSet  .Sea    ,    ^. 

^  TT    cSe   ^    St     ^      ^ 

To  get  the  formula  for  efficiency  we  insert  these  values  for  d 
and  p,  in  any  of  the  formulas  for  efficiency  already  obtained*  For 
instance: 

4  aSpt   .^c*    I    J  N 4  aSpt 

•n    P  d TT    cSg  3^  TT    cS, 

p  4aSet   ^Sea  ^^^ 


E  = 


1    I     St 


A  good  joint  can  be  designed  without  these  formulas  (in 
fact  they  serve  as  a  guide  only),  if  attention  is  paid  to  the 
rules  deduced  from  tests  and  conforming  to  good  practice  by 
experienced  engineers  and  boiler  makers.  In  designing  a  riveted 
joint,  good  practice  favors  the  following : 

The  pitch  of  rivets,  for  single  riveting,  should  be  about  2| 
times  the  diameter  of  the  rivets  and  for  double  riveting  about  3| 
times  the  diameter. 

The  pitch  near  a  calked  edge  must  not  bo  too  great  for 
proper  calking. 

Rivets  must  not  be  too  near  together. 

The  lap,  or  the  distance  from  the  centre  of  the  rivet  to  the 
edge  of  the  over-lapping  plate  should  be  at  least  1|  times  the 
diameter  of  the  rivet. 

The  diameter  of  the  rivet  is  usually  nearly  twice  the  thick- 
ness of  the  plate  and  should  never  be  less  than  the  tliickness  of 
the  plate. 

The  riveted  seam  must  contain  a  whole  nunlber  of  rivets. 
and  similar  seams  should  have  the  same  pitch. 
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The  distance  between  rows,  for  double  riveting,  is  about 
twice  the  diameter  of  the  rivets. 

In  double  butt  riveting  the  rivets  in  double  shear  have  1| 
times  the  single  section  instead  of  2. 

The  thickness  of  double  butt  straps  should  not  be  less  than 

I  the  thickness  of  the  plate  (each)  ;  single  butt  straps  not  less 

than  |. 

No  one  set  of  rules  can  be  laid  down  for  the  best  pitch  of 

rivets  for   all  circumstances   of  pressure,  quality  of   plates,  etc. 

The  following  table  of  proportions  of  riveted  joints  gives  results 

for  average    practice    in    boilers   of    up   to   about   150   pounds 

pressure. 

TABLE  OF  LAP  JOINTS. 


Thickness 

of  Plate. 

Inches. 


Diameter 

of  Rivet. 

Inches. 


Diameter 
of  Hole. 
Inches. 


Pitch.    Inches. 


Single 
Riveted. 


Double 
Riveted. 


Efficiency. 


Single 
Riveted. 


Doable 
Riveted. 


J 

i 
A 


i 

H 

2 

3 

H 

? 

V, 

34 

i 

I  3 
Iff 

24 

n 

li 

i 

0   3 
-Iff 

H 

i 

H 

2i 

H 

.66 
.64 
.62 
.60 
.58 


.77 
.76 
.75 
.74 
.73 


As  the  stress  on  the  transverse  section  is  one-half  that  on  a 
longitudinal  section,  a  single  or  double  lap  joint  is  sufficient  for 
any  ring  seam.  For  externally  fired  multitubular  boilers  with 
shell  plates  less  than  ^  inch  thick,  single  riveted  ring  seams  are 
used.  For  our  boiler,  the  plates  being  j^^  inch  thick,  we  will  use 
rivets  -|-J  inch  in  diameter,  as  this  agrees  with  good  practice. 
From  the  table,  the  pitch  for  a  }-|  inch  rivet  for  single  riveted  lap 
joint  is  2^^.  Then  as  our  ring  seam  is  3.1416  X  54  =  169.65 
inches  and  pitch  2^^  inches  we  will  have  82  +  rivets.  But  as 
we  must  have  a  whole  number  of  rivets  we  will  alter  the  pitch 
slightly  and  use  82  rivets  with  a  pitch  of  2.069  inches.  The  re- 
sult depends,  in  each  case,  upon  the  kind  of  joint  used  in  longi- 
tudinal seams.  This  merely  shows  the  general  method.  The  lap 
will  be  IJ  X  J  =  l^V  5nch. 
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For  the  longitudinal  seams  we  will  use  double  butt  joints 
with  single  riveting.  The  thickness  of  the  butt  straps  will  be 
^SjXf =-20  (nearly).  To  be  on  the  safe  side  we  will  make  the 
butt  straps  ^  inch  thick.  The  pitch  for  double  butt  joints  is 
usually  about  4  times  the  diameter  of  rivets,  so  in  this  case  it  will 
be  4Xy|=2|  inches.  We  will  use  the  same  amount  of  lap  for 
this  joint  as  for  the  lap  joint,  that  is  1^  inches. 

SECTIONS. 

The  boiler  is  made  up  of  rings  or  sections.  The  length  of 
sections  is  often  made  equal,  for  convenience  in  ordering  and 
cutting  plates.  The  length  is  limited  by  the  width  of  plate  ob- 
tainable and  the  size  of  the  riveting  machine.  This  boiler  being 
16  feet  long  would  probably  be  made  in  three  sections,  but  the 
lengths  should  be  so  adjusted  as  not  to  bring  the  ring  seam  over 
the  hottest  part  of  the  fire. 

FLUES. 

The  internal  pressure  at  which  the  boiler  shell  will  rupture 
can  be  calculated ;  but  tlie  external  pressure  which  will  collapse 
a  flue  can  be  determined  only  by  experiment.  External  pressure 
tends  to  increase  any  imperfection  of  shape.  For  instance,  if  a 
flue  is  slightly  oval,  the  external  pressure  tends  to  make  it  more 
flat.  The  strongest  form  to  resist  external  pressure  is  evidently 
the  (Circle.  When  considering  the  strength  of  flues  length  is  very 
important. 

If  a  lap  joint  is  used  the  flue  will  not  be  a  true  cylinder,  for 

this  reason  welded  or  butt  joints  are  preferable. 

806  000  t^i  ^ 
Fairbain  gives  the  formula,  P  z=  — : — ! — : forcalculat- 

Id 
ing  the  collapsing  pressure  of  flues,  1  =  length  of  flue  in  feet, 
d  =  diameter  in  inches,  t  =z  the  thickness  in  inches,  P  =z.  press- 
ure per  square  inch.  The  exponent  of  t  is  often  taken  as  2 
instead  of  2.19  for  convenience.  This  formula  is  empirical  and 
was  prepared  from  his  experiments. 

C  t^ 
Hutton  gives,  P  =-_ — =^  .     In  which  C  is  a  constant,  which 

is  600  for  wrought  iron  and  660  for  mild  steel,  L  =  length  i» 
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inches,  d  =  external  diameter  in  inches,  and  t  =:  thickness  in 
ihirty^seconds  of  an  inch.  Results  by  Hutton's  formula  agree 
more  nearly  to  those  by  experiment  than  do  Fairbain's. 

If  the  flues  are  oval,  d  in  the  above  formula  =  the  major 
axis. 

Flues  are  strengthened  by  putting  in  hoops  at  stated  dis- 
tances.    These  hoops  are  made  of  T  iron  or  angle  iron. 

TUBES. 

The  materials  for  tubes  are  iron  and  steel.  The  tubes  must 
be  tough  to  resist  cutting  by  cindera.  If  iron  is  used  it  should 
have  a  tensile  strength  of  at  least  4r),000  pounds  per  square  inch, 
with  an  elongation  of  15  to  20  per  cent.  If  steel,  the  elongation 
should  not  be  less  than  26  per  cent,  when  tested  l^f ore  being  rolled. 
If  the  steel  welds  well  there  need  not  be  any  limit  to  its  tensile 
strength.  The  ends  of  tubes  should  be  annealed  after  manu- 
facture. The  thickness  of  tul)es  is  always  greater  than  that 
required  to  prevent  collaj^sing,  in  order  to  weld  and  expand  in 
the  tube  sheet.  It  is  often  desirable  to  use  part  of  the  tubes  as 
stays;  for  this  purpose  the  tubes  are  made  thick  enough  to 
take  a  shallow  nut  outside  the  tul>e  plate. 

STAYING. 

As  large  a  portion  as  possible  of  the  shell  of  a  boiler  is  made 
cylindrical,  for  in  this  form  plates  can  be  made  sufficiently  strong 
without  the  aid  of  stays  or  braces.  Ikit  all  flat  surfaces  must  l)e 
stayed ;  not  only  to  prevent  rupture,  but  also  to  provide  against 
distortion  and  grooving.  The  theoretical  investigation  of  the 
strength  of  flat  surfaces,  can  be  worked  out  only  with  higher  mathe- 
matics. From  the  formula  deduced,  the  solid  end  plate  would 
have  to  be  about  2  inches  thick  for  a  lx)iler  only  fS  feet  in 
diameter  with  plates  |  inch  thick.  It  is  evident  that  the  flat  ends 
if  of  ordinary  thickness  must  be  strengthened  by  stays  or  braces. 
The  calculation  of  stresses  in  a  flat  plate,  supported  by  stays,  can 
1*  calculated  only  when  the  supported  points  are  in  rows  thus 
dividing  the  surface  into  equal  squares.  Even  when  the  stays  are 
not  to  be  placed  in  rows  forming  squares,  it  is  well  to  make  the 
calculation  for  a  standard. 
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The  equation  for  finding  the  area  suppoi-ted  by  a  stay  rod 

is. 

,        9t2S 

2p 

in  which  a^  z=  the  area  supported,  t  =  the  thickness  of  the  end 
plate,  S  =  the  allowable  stress  on  the  area  of  the  rod,  and  p  = 
the  working  steara  pressure.  Let  us  find  the  area  supported  in 
our  multitubular  boiler.  In  order  to  provide  for  future  corrosion 
we  will  use  a  factor  of  safety  of  12  and  assume,  in  the  absence  ot 
exact  knowledge,  the  ultimate  breaking  strength  of  the  rod  to  be 
60,000  pounds  per  square  inch.  It  is  usual  to  make  the  diameter 
of  the  rods  one  to  two  inches,  so  we  will  make  ours  1^  inches  in 
diameter  with  an  area  of  1.7t>7  square  inches.  Then  the  stress 
per  rod  is  5,000  X  1.707  =  8,835  pounds. 

2         9t2S        9  X  }  X  8,835        ^,,^  .  .     , 

a*  =  _-  —  z=  ^ — =  1.32.5  square  inches. 

2p  2  X  75  ^ 

Then  as  the  rod  supports  132.5  square  inches  and  the  segment  of 
the  steam  space  is  547.2  square  inches, the  number  of  rods  will  be 

647  2    _  4 
1325 

The  same  formula  will  apply  in  finding  the  number  of  short 
screw  stay  l)olts  of  the  fire  box. 

Suppose  \ve  wish  to  use  a  diagonal  or  crow  foot  stay,  making 
an  angle  of  20°  with  the  shell.  If  the  rod  is  1  inch  in  diameter 
and  the  stress  is  limited  to  7,000  pounds,  then  it  will  carry  a  pull 
of  .7854  X  7,000  =  5407.8  pounds,  and  since  it  makes  an  angle 
of  20°,  the  pull  perpendicular  to  the  head  will  be  5497.8  X  cos. 
20°  =  5497.8  X  .9397*  =  5,16r)  pounds.  If  the  end  is  fastened 
by  two  rivets  or  bolts  each  will  cany  2,583  jx)uiids.  If  each  rivet 
or  l)olt  supports  a  square  with  a  side  equal  to  a,  then  5,166  =  75  a^ 

a-  =  ^vP  ~  ^^'^^  square  inches  (nearly). 

*  NoTB.    Taken  from  a  table  of  cosines. 

UPTAKE. 

The  area  of  the  uptake,  Uke  the  area  of  the  tubes,  is  made 
about  I  to  ^  of  tlie  area  of  the  grate.  We  find  that  ^  of  the  grate 
surface  is  432  square  inches.  If  we  make  the  uptake  12  inches 
deep  measured  with  the  length  of  the  boiler,  it  will  be  432  -7-12 


\W 


CONSTRUCTION  OF  BOILERS.  55 

=  36  inches  wide.  The  opening  of  the  shell  at  the  front  end  will 
be  12  inches  deep  and  tlie  plate  cut  down  until  it  is  3G  inches 
wide. 

HANHOLES. 

The  manhole  and  handhole  should  be  strong  enough  and  stiff 

enough  to  sustain  the  stresses  due  to  the  direct  steam  pressure 

and  from   the   strasses   of   the   plates.     The   calculation   of   the 

strength  of  the  manhole  ring  is  difficult  and  the  results  obtained 

very  uncertain,  so  they  are  made  of  forms  and  dimensions  that 

have  been  used  in  good  practice  and  given  good  results.     These 

fittings  are  bought  in  steel  forgings.     Boiler  makers  design  the 

forged  rings  which  lie  close  to  the  shell,  of  a  section  at  least  equal 

to  the  section  of  the  plate  that  is  cut  out.     The  bearing  surfaces 

of  the  manhole  cover  and  that  of  the  lip  against  which  the  cover 

bears,  should  be  machined  to  make  a  good  smooth  joint.     The 

joints  are  made  tight  by  gaskets  about  |  of  an  inch  wide. 

Hand  holes  are  constructed  similarly  to  manholes,  and  often 
have  a  taper  key  in  place  of  a  bolt  and  nut,  because  the  nut  is 
exposed  to  fire  and  after  it  has  been  in  place  Pome  time,  is  often 
difficult  to  remove  with  a  wrench. 

BRACKETS. 

Boilers  of  the  multitubular  types  are  supported  by  brackets 
usually  made  of  cast  iron.  Boilers  up  to  16  feet  long  luive  four 
brackets  and  those  more  than  IG  feet  long  have  six  brackets.  The 
brackets  for  this  boiler  should  be  about  10  inches  long,  measured 
^th  the  length  of  the  boiler,  and  about  15  inches  wide.  They  are 
riveted  to  the  boiler  with  nine  or  ten  rivets  |  to  1  inch  in  diame- 
ter. Tlie  rivets  can  be  made  large,  as  a  hirge  rivet  makes  a  strong 
joint,  and  in  this  case  the  pitch  is  not  governed  by  calking. 

The  load  on  the  brackets  can  be  estimated  by  calcuhiting  the 
weight  of  the  boiler  full  of  water  and  adding  the  weight  of  all  the 
parts  supported  by  the  boiler.  These  parts  include  pipes,  valves, 
jauges,  brickwork  covering,  etc.  This  load  should  be  divided  as 
nearly  equal  as  possible  among  the  four  brackets,  so  that  the 
tendency  of  the  boiler  toward  bending  shall  be  small. 
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Brackets  are  set  above  the  middle  line  of  the  boiler  in  order 
that  the  flanges  may  be  protected  by  the  brickwork  setting.  They 
are  usually  3  or  4  inches  above  the  middle. 

CHIflNEYS, 

At  the  present  time,  the  knowledge  of  chimneys  and  chimney 
draft  is  slight.  The  theories  given  are  worth  but  little  as  they 
are  based  upon  data  which  is  entirely  insufficient.  As  to  the 
design  and  proportions  of  chimneys,  there  are  no  systematic 
statements  and  rules  that  can  be  used. 

Chimneys  are  usually  designed  from  empirical  formulas  and 
from  tables,  compiled  from  proportions  of  chimneys  that  have  fur- 
nished  sufficient  draft,  etc. 

The.  draft  produced  in  a  chimney  is  due  to  the  difference  in 
temperature,  and  consequently  difference  in  pressure,  between  the 
gases  inside  the  chinniey,  and  the  air  outside.  The  gases  in  the 
chimney  being  lightt^r  rise  toward  the  top  and  air  rushes  in  at 
the  bottom  to  fill  the  space  left  by  the  hot  gases.  This  air  as  it 
becomes  heated  grows  lighter  and  rises,  thus  a  continuous  circula- 
tion is  kept  up.  The  temperature  of  the  gases  in  the  chimney  is 
considered  to  be  about  600°  F.  for  chinmey  calculation,  as  practice 
shows  this  to  give  good  draft  under  economical  conditions. 

After  making  several  assumptions,  based  on  experiments,  the 
following  formula  has  ])een  deduced : 

II.  P.  -^  3.33  (A  —  .6  v/A")  V^iT 

in  which  II.  P.  =:  hoi-se-power,  A  =  area  of  the  chimney,  and  h 
=:  the  height  al)ove  the  grate. 

The  following  table  on  jnige  40  has  been  calculated  from  this 
fornmla.  This  table  is  used  to  a  considerable  extent  with  satis- 
factory results. 

The  part  of  the  table  which  is  used  for  ordinary  proportions 
is  filled  in.  If  propoitions  are  taken  from  the  table  rather  than 
from  the  fornmla,  the  results  will  give  better  proportions. 

To  find  the  area  of  the  top  of  the  chimney  for  a  given  coal 
consumption,  the  following  empirical  formula  has  been  stated. 

^^   II.  P.  X  B  Xjji^ 

v/h " 
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in  which  A  ^  area,  H.  P.  =  hoiBc-power  of  boiler,  B  =i  number 
of  pounds  consumed  per  H.  P.  per  hour  and  li  =  height  of 
chimney  in  feet. 

This  area  A  is  the  area  in  square  inches  at  the  top. 
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Another  method  which  ia  mucli  more  simple  is  to  desigo  the 
area  of  the  chimney,  as  we  have  desigiii'd  the  total  tube  area ;  that 
is,about  ^  the  grate  area.  This  ratio  for  chimneys  is  sometimes 
about  f  and  decreases  to  J  and  for  very  tall  chimneys  to  ■^^, 

From  the  table  we  find  the  cliimney  to  have  an  area  at  the 
top  of  about  3.98  square  feet,  assuming  it  to  Ije  00  or  70  feet 
high.  This  area  gives  a  diameter  of  27  inches  if  circular,  or  24 
inches  if  square. 

H.  P.  X  B  X  12 


Let  us  calculate  it  from  tlie  formula  A  i= 


vT 


We  must  either  assume  or  Cidculate  B.  As  the  calculation 
is  very  easy  it  would  be  better  tiian  any  assumption.  The  total 
amount  of  coal  burned  per  hour  o.jiiuls  12  X  21  or  288  pounds. 
The  amount  per  H.  P.  per  Imur  is  288  -i-  75  or   3.84   pounds. 
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Then  as^ummg  the  cliimney  to  be  60  feet  high, 

A  = '        - —  =  446   square   inches,    or  about   24 

1^60 

inches  in  diameter  if  circular  and  21  inches  if  square. 

By  the  last  method  the  area  of  the  chimney  will  be  24  -^-  8 
or  3  square  feet,  or  432  square  inches,  giving  pi-actically  the  same 
result  as  with  the  fonniiia. 

As  the  table  is  reliable  and  gives  us  the  larger  area,  we 
will  use  it  and  be  on  the  safe  side ;  ako  as  the  amount  of  coal 
burned  per  hour  by  the  draft  in  a  chimney  can  be  found  by  mul- 
tiplying the  horse-power  in  the  above  table  by  5,  the  chimney 
with  an  area  of  3.98  square  feet  and  60  feet  high  will  burn 
72  X  5  =  360  pounds  of  coal  per  hour.  The  boiler  in  question 
bums  only  288  pounds,  so  the  chimney  is  sufficiently  large. 

Chimneys  are  usually  of  brick  or  of  steel  plates.  If  of  steel 
they  are  always  circular.  When  made  of  brick  they  are  circular, 
square  or  hexagonal.  With  a  given  di-aft  area,  a  circular  chimney 
requires  the  least  material,  since  a  circumference  has  the  least 
perimeter  for  a  given  area ;  it  also  presents  less  resistance  to  wind. 

A  steel  chimney  is  made  up  of  plates  of  steel  riveted  to- 
gether. The  shell  is  bolted  through  a  foundation  ring  of  cast  iron 
to  the  stone  foundation.  It  has  a  straight  taper  to  the  top,  which 
is  finished,  for  appearance  with  light  plates.  The  shell  is  lined 
with  fire-brick,  with  a  thickness  Avliieh  varies  from  12  to  18  inches 
at  the  bottom  to  al)out  2  to  4  inches  at  the  top.  This  lining  is 
used  to  prevent  heat  l)eing  lost  from  the  shell  and  dm^s  not  add  to 
the  strength  of  the  chimney. 

A  brick  chininey  is  built  in  two  parts ;  a  the  outer  shell, 
which  resists  Aviiul  pressure  and  />,the  lining  which  is  the  flue. 
This  flue  is  made  separate  from  the  external  shell  in  order  that  it 
may  expand,  when  the  chimney  is  full  of  hot  gases,  without  stmin- 
ing  the  outer  shell. 

The  interior  of  both  steel  and  brick  chimneys  are  often  cylin- 
drical while  the  exterior  tjipers.  The  taper  is  about  .3  inch  to 
the  foot.  The  brick  at  the  base  of  the  chimney  is  splayed  out  to 
make  a  large  base. 
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As  good  natural  earth  should  cany  from  2000  to  4000  pounds 
per  square  foot,  the  base  of  the  chimney  should  be  large  enough 
so  that  this  pressure  will  not  be  exceeded. 

*  The  external  shell  is  culculat(»d  for  wind  pressure  and  thc^ 
weight  of  brick.  Tliis  calculation  for  wind  ])ressure  involving 
higher  mathematics  will  not  be  treated  here.  The  lining  is  cal- 
culated for  compression  due  to  weight.  The  design,  both  of  the 
chiDMiey  and  its  foundation,  should  l)e  made  by  a  competent  engi- 
neer of  experience,  on  account  of  disastrous  results  should  a 
chimney  fall. 
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Generally  speaking,  a  steam  boiler  is  a  closed  metallic  vessel 
m  which  steam  is  generated  from  water  by  the  aj)|)lication  of  heat^ 
As  steam  is  under  pressure  it  is  evident  that  the  vessel  must  be 
strong  and  tight. 

To  operate  the  boiler  safely  and  economically  there  must  be 
certain  fittings  and  accessories — some  of  these  are  used  in  the  care 
of  the  boiler,  while  others  serve  to  increase  the  economy.  Among 
the  most  important  attachments  and  appurtenances  may  be  men- 
tioned the  following: 

A  feed  pump  or  injector,  with  valves,  piping,  etc.,  to  supply 
water  to  the  boiler. 

Qage  cocks  and  glass  water  gage  to  show  the  attendant  the 
height  of  water  or  the  water  level,  as  it  is  called,  in  the  boiler. 

A  pressure  s^as^e  to  show  the  pressure  of  steam  in  the  boiler. 
The  pressure  is  usually  measured  in  pounds  per  square  inch. 

A  safety  valve  to  allow  steam  to  escaj)e  from  the  boiler  when 
the  pressure  exceeds  a  certain  fixed  amount.  This  attachment, 
being  a  safety  device,  should  be  automatic  and  reliable. 

A  blow-off  pipe,  with  its  valves,  to  blow  out  sediment  from 
the  boiler,  reduce  the  amount  of  water  in  the  boiler,  or  empty  it. 

A  steam  pipe,  with  its  valves,  to  conduct  the  steam  from  the 
lx)iler  to  the  place  where  it  is  to  be  used. 

Manholes  and   handholes,  with  covers,  for  examination,  re- 
(jHirs,  and  cleaning. 

*  Fusible  pluses  to  give   warning  when    the   water   level    be- 
comes too  low,  or  melt  and  allow  the  water  to  escape. 

*  High-  and   low-water   alarms  to  give  warninc  when    tlu* 
^ater  level  is  too  high  or  too  low. 

*  A  heater  to  raise  the  temperature  of  the  feed  water  as  nearly 
^  possible  to  that  of  the  water  in  the  boiler. 

♦XoTE.    Although  the  last  three  are  desirable,  they  are  not  abso- 
lutely necessary,  as  a  boiler  can  be  successfully  operated  without  them. 
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111  addition  to  these  there  are  other  attachments  such  as: 

Lugs  or  brackets  for  supporting  the  boiler. 

Masonry  for  setting  the  boiler  and  keeping  it  in  position,  and 
in  many  cases  to  keep  the  hot  gases  in  contact  with  the  shell. 

Furnace  fittings,  including  grate  bars,  bearer  bars,  dampers, 
fire  doors,  ashpit  doors,  etc. 

The  chimney  to  carry  away  the  waste  gases  and  create  draft. 

Tools,  such  as  shovels,  slice  bars,  scrapers,  tube  brushes,  etc. 

DEFINITIONS. 

The  following  definitions  should  he  remembered  in  connec- 
tion  with  the  terms  used  in  designating  the  various  classes. 

A  fire- tube  boiler  is  one  having  the  heating  surface  composed 
largely  of  tubes  which  are  surrounded  with  water,  the  hot  gases 
passing  through  them. 

A  water-tube  boiler  is  also  composed  of  tubes,  but  in  this 
case  wati'r  flows  through  the  tul)es,  while  the  hot  gases  pass  around 
and  among  them. 

In  a  sectional  boiler  the  tubes  and  corresponding  headers 
form  comparatively  small  units.  Each  unit  is  complete  in  itself; 
that  is,  it  is  in  communication  with  a  steam  and  water  drum  but 
is  independent  of  the  other  units. 

A  non-sectional  boiler  is  one  having  all  the  tubes  in  com- 
munication with  one  another;  in  other  words,  all  or  nearly  all  the 
tubes  are  expanded  into  a  common  header  or  drum.  The  boiler  is 
not  made  up  of  units. 

A  single-tube  boiler  is  made  up  of  ])lain  tul)es. 

A  double-tube  boiler  has  a  small  tul)e  inside  of  the  regular 
tube  and  concentric  with  it. 

A  boiler  is  externally-fired  when  the  furnace  is  separate  from 
the  shell;  in  such  boilers  the  fire  is  usually  placed  in  a  brick 
furnace. 

In  the  internally-fired  boiler  the  grate  is  inside  of  a  flue 
which  is  within  the  shell. 

A  fire-box  boiler  is  one  having  the  fire  within  a  fire   box 
which,  although  external  to  the  shell,  is  rigidly  connected   to  it. 
The  fire  box  is  usually  made  of  steel  plates  instead  of  brick  as  in 
the  case  of  the  externally-fired  boiler. 
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CLASSIFICATIONS. 

The  almost  endless  variety  of  boilers  now  in  use  is  due  largely 
to  the  many  conditions  under  which  they  are  used.  Other  reasons 
for  the  numerous  forms  are  the  great  latitude  in  design  and  con- 
struction, and  the  competition  among  engineers,  who  have,  during 
the  last  century,  sought  to  produce,  at  moderate  cost,  steam  gener- 
ators that  will  be  safe,  durable,  and  economical. 

The  necessity  for  careful  classification  before  discussing  the 
details  is  apparent  when  one  considers  the  similarities  and  differ- 
ences. Much  valuable  time  may  be  saved  by  selecting  some  make 
of  boiler  to  represent  a  given  class.  Still  further,  the  classifica- 
tion reduces  the  chances  of  overlooking  interesting  features. 

CLASSIFICATION. 

According  to  Use. 

^  Early  Forms. 
Plain  Cylindrical 
Single  Flue,  Extemally-fired 

(  Cornish  (single-flue) 
Flue  Boilers -I  Lancashire  (two-flue) 

(  Galloway 

Multitubular  ]  Frr^X'-"^^^^^^^^^ 
Stationary  ^    Fire-box  Boilers  |  vertiTa"^^^ 

'  Straight-tube 

Curved-tube 

Water-tul.e  Boilers^  ^"rticaf "' 


Mixed  Types 
L  Peculiar  Ponus 


Sectional 
Xon-sectioiial 


''  Early  Forms  (box  or  rectaiij^ular) 
Scotch  or  Drum 
Return-tube 
Through-tube 
Harine  -{  i  Curved-tube 

Water-tui^e  i  «traight-tube 
w  aier-iuDe     jjiectional 

Non-sectional 
1  Launch  Boilers 

Multitubular  lire-box  (comnioii  form) 
,  ^.      J  Wooten  T^pe 

Locomotive^  (^orrugated  Furnace 
( Peculiar  Forms 

Ifoilers  mav  l)e  classified  in  many  ways.     They  niay  be  divideil 
*Dto  the  following  great  classes:   Fire-tube  and  water-tube,  vertical 
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and  horizontal,  stationary  and  non -stationary,  or  externally-fired 
and  internally-fired.  They  may  also  be  classified  according  to  uses 
or  according  to  forms  of  construction.  For  illustration,  two  classi- 
fications, of  which  the  following  seems  better  for  this  discussion, 
are  given. 

CLASSIFICATION. 
AcGordins^  to  Form  of  Construction. 

Early  Forms. 

(  CoruiBh  (Hiuf^le-flue) 
ci..^  I  Lancashire  (two-flue) 
^'"®1  Gallowav 

(HingleFlue  (extenially-fired) 


Fire-tube 

(Multitubular) 


Water-tube 


J 


Horizontal  (coniiuou  foriu) 

Vertical 

Return-tube 

Through-tube 

Fire-box 

Peculiar  Forms 

Horizontal  j  g^u^^.^d-Vu^^^^^  ^  S^^tional 

Vertical      \  Htraight-tube 
venicai      j  (Jurved-tube 

Peculiar  Fonns 


Mixed  Types. 

EARLY    FORMS. 

The  earliest  boilers  of  which  we  have  reliable  record  wen* 
spherical.  They  were  of  cast  iron  and  set  in  brickwork.  It  was 
customary  to  set  this  ty|)e  of  boiler  with  the  fire  underneath  and 
construct  flues  in  the  brickwork  to  conduct  the  hot  gases  around 
the  boiler  just  below  the  water  level.  The  hot  gases  passed  entirely 
around  the  boiler  before  escaping  to  the  chimney. 

The  Haystaclc  Boiler.  Tlie  next  form  to  be  generally  used 
was  that  invented  by  Newcomen  in  1711.  On  account  of  its  j>ecul. 
iar  shape  it  was  called  the  **  Haystack  "  or  "Balloon"  boiler.  It 
was  of  wrought  iron  and  had  a  hemispherical  top  and  arched  bot- 
tom.  The  fire  was  placed  underneath  the  arched  portion;  the  hot 
gases  surrounding  the  lower  part  of  the  boiler.  An  improved  form 
of  the  Haystack  boiler  is  shown  in  Fig.  1.  Sme4iton  placed  the 
fire  inside  the  shell  and  arranged   internal  flues  for  conducting 
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the  hot  gaeeB  to  the  chimney.      This  arrangement  increases  the 
lieating  surface  and  consequently  the  economy  of  the  hoiler. 

The  Wagon  Boiler.     To  still  further  increase  the  heating  anr. 
face,  James  Watt  introduced  his  "  W^on"  boiler.     This  fonn  is 
fliown  in  Fig.  2.     The  top  was  cylindrical  and  the  sides  curved 
inward.     The  curved  plates  as- 
sisted in  the  formation  of  £uea 
on  either  side.     The  hot  gases 
passed  from    the  grate,   under- 

HfBth  the  boiler  to  the  rear, 

tlirough  the  left-hand  flue  to  the 

front,  then  through    the  right- 
band  fine  to  the  rear  and  thence 

to  the  chimney.     This  was  called 

llie  ir^eel  draft  because  the 

^sea  passed  entirely  aronnd  the 

Wiler.     In  the  large  sizes  a  flue 

was  placed  in  the  boiler.     The 

products  of  combustion  returned 

through  this  flue   to  the  front 

after  passing  under  the  boiler  to 

llie  rear,  as  in  the  small  sizes. 

•Jii  issuing  from  the  flue  at  the 

truut,  the  gases  divided  and 

passfKl  to  the   chimney   at    the 

f|"ar|iy  means  of  the  flues  in  the  brickwork.     This  form  of  draft 

Mas  called  the  itpUt  tlraft. 

Watt  used  a  column  of  water  in  the  vertical    f<fd   jiipf  ana 

prvBSTire  gage;  the  rise  and  fall  of  tliis  coluitni  also  ciiiitrolJi-d  the 

clamper.     The  feed  was  regulated  by  a  float. 

MODERN  BOILERS. 

Although  such  boilers  as  the  Haystack,  Wagon,  and  others  wei-e 
fairly  satisfactory  in  the  period  in  which  they  were  invented,  tliey 
toulj  not  stand  the  higher  pressures  that  soon  l>ecame  common. 

.\bout  the  beginning  of  the  nineteenth  century  tli.-  cyliridricjil 
^wiltT  was   introduced.     The  earliest  fori 
Jrii.'al  Iwiler  and  the  ••  Egg-eiid "'   boiler.      Tin.-  dillVr, 
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ibf  fdnii  of  tlio  ends  — -those  of  the  foriiitr  were  flat  and  of  (.-ast 
iron,  while  tlie  ends  of  the  latter  were  heitiiepherical  and  made  of 
wrought  iron.  The  egf;-eiid  hoiler  required  no  staying  or  bracing 
Itet-aiiae  its  form  is,  with  the  exception  of  a  aphero,  the  strongest 
to  reeist  internal  pressure. 

The  Cylindrical  Boiler  consisted  uf  a  shell  of  wrunght-iron 
boiler  plate  and  ends  of  the  same  material  or  of  cast  iron.     It  was 
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Ket  in  brickwork  as  shown  in  Fig.  H.  The  l>oiler  was  alwiit  two- 
thirds  filled  with  water,  the  icmainiiiir  tliii-d  forming  the  atcarn 
s[ia(v.  To  (.'ollect  and  stoiv  the  steam  as  it  rose  from  the  water  a 
steam  donit-  was  ad'ifd.  The  steam  pijie  was  attached  to  the  dome 
to  which  the  safety  valve  aluo  was  connected,  T]w  hot  gases  from 
the  fire  [mssed  under  the  Iwiler  to  the  rear  and  then  to  the  chimiij-y. 
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Tlie  heating  surface  of  this  type  is  small  with  a  given  diam- 
cter  unless  the  boiler  is  made  very  long.  As  all  sediment  collects 
in  the  bottom,  where  the  heat  is  most  intense,  the  plates  are  liable 
to  burn.  Since  sediment  and  scale  are  poor  conductors  of  heat, 
the  heat  remains  in  the  plates  and  overheats  them  instead  of  flow- 
inir  to  the  water. 

The  disadvantages  (the  small  heating  surface  and  the  collec- 
tion of  sediment)  do  not  seem  so  serious  w^hen  one  considers  the 


AFETY  VALVE 


O)  STEAM  PIPE 


STEAM 
DOME 


ASH  PIT 


Fig.  a. 

ai'iiplieity  of  construction,  strength,  durability,  and  ease  of  rej)air- 
iHfjand  cleaning. 

The  plain  cylindrical  boiler  was  adapted  for  mining  districts, 
iron  works  and  other  places  where  fuel  is  abundant  and  skilled 
^K)iler  makers  are  not  readily  found.  This  boiler  was  made  very 
long  to  get  the  required  heating  surface,  the  length  sometimes 
Weeding  fifty  feet. 

FLUE  BOILERS. 

In  order  to  get  the  necessary  heating  surface  in  the  cylindrical 
W)iler  without  making  it  excessively  long,  it  was  made  with  an 
Internal  flue  through  which  the  hot  gases  passed  to  the  chimney. 
This  flue  was  quite  large  a*nd  extended  from  end  to  end.     In  the 
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United  States,  Oliver  Evans  used  this  type  in  1800.  In  England, 
it  led  to  the  internally. fired  flue  boilers  which  were  so  extensively 
used. 

THE  CORNISH  BOILER. 
Horizontal— Sins^le-Flue-  Internally-Fired. 

When  it  was  found  that  about  25  j)er  cent  of  the  total  heat  of 
combustion   was   lost  by  radiation   from   the    furnac*e,  a  Cornish 


Fig.  4. 

engineer  named  Trevithick,  conceived  the  idea  of  placing  the  tire 
inside  the  large  internal  flue,     lie  introduced  this  type  which  is 

known  as  the  Cornish  boiler. 

The  products  of  combustion 
pass  from  the  fire  on  the  grate 
bars  C  (Fig.  4)  through  the  flue 
to  the  back  end  where  they  divide 
and  return  to  the  front  end  by 
means  of  the  lateral  flues  L  in  the 
l)rickwork.  SeeFitj.  4//.  At  the 
front  the  hot  gases  j)a88  down- 
ward, and  uniting  pass  through 
the  flue  F  in  contact  with  the  bot- 
tom of  the  boiler.  On  leavinjx 
the  boiler  they  go  to  the  chim- 
!u*y.  This  arrangement  of  flues  reduces  the  temj)erature  of  the 
gases  before  they  come  in  contact  with  the  bottom  of  the  boiler 
where  sediment  collects.     The  grate  bars  rest  on  the  dead  plate  D 


Fig.  4a. 
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at  one  eDd  and  on  tliu  bridgw  B  at  the  other;  if  made  in  two  lengths 
(as  is  often  the  case)  they  are  supported  at  the  center  by  a  cross  bearer. 
Thebridgeisbnilt  of  fire  bric-kand  tbe  external  flues  are  lined  with 
tire  brick.     The  beads  are  stayeil  to  tlie  shell  by  gusset  stays  E  E, 

The  large  internal  fine 
Is  the  hottest  portion  of  the 
iMjiler because  it  contains  the 
tire.  For  this  reason  the  Hue 
has  greater  linear  expansion 
than  the  shell  and,  if  the  Que 
is  a  plain  cylinder,  the  in-  ^ 
<.-rease  in  length  causes  the 
I'Tida  to  bulge.  When  the 
Iwileria  cold,  the  flue  returns  to  its  nornial  length.  Thislengthen- 
ii)g  and  shortening  will  soon  loosen  the  flue  at  the  ends.  To  over- 
eume  this,  the  flue  is  soinetiiues  made  nj)  of  several  short  rings 
flanged  at  the  ends  and  joined  by  being  riveted  to  a  plain  ring. 
This  constniction  is  shown  iu  section  in  Fig.  4.     Another  method 


Fig-  «. 
is  shown  in  'section  in  Fig.  D.  The  plain  ring  is  riveted  to  the 
curTed  ring;  this  ring  takes  up  the  expansion,  increases  the  heat- 
ing surface,  and  strengthens  the  flue  against  external  pressure. 
Tbe  aaniu  results  may  be  obtained  by  the  use  of  the  corrugated 
fliB,  one  form  of  which  is  shown  in  Fig.  <J.  The  corrugated  tlue 
b»s  many  advantages  over  the  devit-es  shown  in  Figs.  4  and  5;  it  in 
frw^iiently  used  in  marine  boilers. 

Li\NCA5HlRE  BOILER. 
Horizontal    Two-Flue    lnternally-Fir«d. 
It  can   be  proved,  liuth   Uy  t-x]«Tini.Tit  uiid  nilculntioii.   that 
with  a  given  thickness  large  cylinders  ciiiiiiut  stand  as  much  v\- 
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tenial  jiressiire  as  entail  oime.  For  tliis  reason  and  uii  accuiiiit 
of  the  short  distance  a  fireman  can  throw  coal  accurately,  the 
Cornish  boiler  is  suitable  for  small  powers  only.  If  it  ia  nihde  too 
large,  the  flue  is  liable  to  collapse,  but  if,  on  the  other  hand,  the 
tlue  is  of  too  small  a  diameter,  the  grate  will  be  insuDioient.  If 
this  form  of  boiler  is  to  be  used  in  large  size  it  is  niodilied  by 
using  two  fluea  instvad  of  one.     This  boiler  is  called  the  Lanca- 


shire boiler.      It  is  like  llie  (or 
Hues  and.  of  course,  Iwn  fnrnace; 

Tile  HiieH  are  wonietiniea  contirined  ne|)ttrati'Iy  to  the  end.  IE 
tbeymeri;e  into  one  large  Hue,  which  forms  the  combustion  cham- 
ber, it  is  ctilled  tile  "  liree<'lies-flued  "'  or  diipIi'X  furnace  tKjiler. 
These  furnaces  are  tirwl  alternately;  the  unbunied  gases  set  free 
from  the  freshly-fired  coiil  are  liurnwi  on  meeting  the  hot  gases  from 
the  incandescent  cual  of  the  other  furnuce.  This  arrangeineut 
prevents  the  esc^jve  of  the  nnburiiiHl  hydr(H-jirl)ons. 

The  disadvantage  of  the  Lancjishire  boiler  ia  the  ditlicnltv  in 
finding  room  for  the  two  Jiues  withont  greatly  increasing  the  diam- 
eter of  the  boiler.     Also,  the  small  furnace  is  unfavorable  to  com- 
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i^eti'  '.-onibustion  as  th«   Gjiace  fur  the  uniting   and  burning   of 

l.tiiD  liytiriK-arlKins  is  reetricttMi.     The  combuBtion  oharaber  of  the 

tirtH»i'lii«-lliiMl  twilt^r  provides  the  nt-cessary  spatv,  Imt  the  tionstnii'- 

lltioii   at  the  junction  of  tint  two  Hues  i.s  iveal;  anJ  lias  ljt>eu   llit) 

«■  of  iiiunj-  exjiliiBiiiiiK. 

QALLOWAY  BOILBR. 
Horhtonlal— Two-Flue— Internally -Fired— «a!loway  Tubes. 
Aufither  builer  of  tile  ajiuiet;eii- 
eral   form  is  tho  tJalloway.    siiuwn 
in  Fig.  7.     Tliis  boiler  riitfers  from 
tlie  Lancashire  in  that  abort  tubes 
I  are  added  to  tbo  6ues.     In  the  (lallo- 
[  iray  Iwiler  having  two  distim-t  flues. 
f  thf  tubes  were  placed  as  shown  in 
1  Kg.  6. 

In  the  later  form  of  Galloway 

'  boiler,  the  two  (lliea  merge  into  orn- 

I   htge   flue   of   th«  ahajK'    sbowu   in 

Fig.  9.     This   flue  baa   corrugaled 

aides  and  the  conical  tubes  are  staggered,  thus  insuring  a  thor- 

I  ODgh  breaking  np  of  the  currents  of  hot  gases.     The  tubes  are 


FtK-  9. 

i  eonioal  to  facilitate  removal  for  repairs.     The  ebspe  of  the 
tobo  &1hu  pcruiitti  the  water  to  ex^tand  on  being  heated,  and  the  par- 
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tides  rise  verlieally  witlnnit   liititiirlii 
surfaces    almve.      Th..  <-r.ni.-aI   tiik-n 
tban  ueldiMl  Ixn-itiise  tlu'  iviiioval  <if  a  liil 
largt"  hole  in  tlie  Hiic, 


r  thf  water  (»n  tlie  heating 
re  m'lierally  riveted  ratlier 


tliat  is  welded  leaves  a 


FIRE-TUBE  B0ILER5. 

SINaLE-FLUE  BOILER. 

Horizontal— Single  Fire  Tut>e-Exteriially-Flred. 

Ill  the  ('ornish,  Ijiiicasliire,  and  Galkiway  Iwiler   tlie  lai^e 


Tlie  hniler  shown  in 
Kif^.  10  ri'setiihles  tlie  jiluiii  cvlimlrii-al  liuller  hoth  in  appearaiiie 
and  Hettin^,  but  it  iius  une  or  itime  lar^e  Hues  extending  from  end 
to  end.  This  Hiic  iiicreasea  the  heatiiiff  niirfaee  to  bucIi  an  extent 
that  the  holler  i-;m  lie  ooiisidi-rjihly  shorter  than  the  iilain  <-ylin- 
(Irieal. 

MULTITUBULAR    BOILER. 

Horizontal    Many  Small  Fire  Tubes— Externally -Fired. 

When    engineers   fonnd    that  the  internal   tine  was    Bueh  an 

advantage    (^tiiat   is,   it    iiu-n-ueed    ihe  heating   surface),  tliey  soon 

added  more  tubes;  as  the  iiunilHrT  inerease<l,  the  size  diminished 

until  they  became  of  the  bikc  ustii  at  present.     This  is  in  brief  the 
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(foFelopment  of  tho  mnltitnbular  hoilt-r.  This  typt  of  hoilcr  h«s 
fur  tnmiy  ywirs  htfu  coitiiminly  nnwi  For  BUtionary  work  and 
altlioufjh  otlipr  tyfK's  posBees  advaiita^i's  for  t-ertain  i-oiiditions,  it  is 
isidt^rt-d  f('Oiio)iiioal,  reliulilc,  easily  handled,  and  safe  if  cou- 
rtictwi  of  gocKl  inatL'nal  and  operated  wilh  lyire  and  intelligence. 
FifTB,  11  tti  14ni-e  m>liK'ted  to  ilhistrate  this  boiler.     Tlie  Iwiler 


Fig.  Jl. 

t<«^I  cylindrical  shell  and  numerous  small  luU-s  i-xteiidiii^  from 

tod  to  end.     These  tu)>es  are  3  or  4  indies  in  diameter  and  are 

ssteoed  to  the  two  ends  (called  tube  sheets)  by  expanding  the 

hiliM  against  the  sheet  and  beading  them  over  ou  the   outside. 

Tiw  shell  is  matle  of  sleel  plates  J  to  ^-inch  in  thickness.     At  the 

foiil.  tilt)  shell  plates  extend  beyond  the  tnl>e  sheet  and  are  cut 

pl»sy  to  allow  the  waste  gases  to  enter  the  uptake.     About  one- 

iiird  tlitf  voliiiiie  of  the  Iioiler  is  occupied  by  the  steam ;  the  other 

t«o-lhirds  is  filled  wilh  water  and  tubes.     The  water  line  isa  little 

ini  4  to  H  inches)  above  the  top  row  of  tubes. 

The  flat  ends  are  jirevenled  from  bulging  by  stays  which  may 

"  "f  the  form  aliown  in  Fig.  12  or  they  may  be  diagonal  t;tays. 

*"  through  stays  are  fastened  to  the  tul>e  plates  by  means  of  nuts 

Md  wsslit-rs  »3  shown  nt  S  in  Fig.  11, and  also  in  Fig.  12.     lielow 

*  Water  level,  the  end  plate  is  stayed  by  the  tubes.     This  type  of 

NW  may  1m>  HUpfKirted  by  linieketB  B  riveted  to  the  shell  or  by 

Uia  of  beams  and  colmnnB,  aa  shown  lu  Fig.  14.     The  front 

biaiJiet  is  often  fixed  iu  the  aide  wall,  but  the  rear  bracket  slionld 

«|)laced  on  rollers  bo  that  it  can  tnove  on  an  iron  pkte.     This 
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|rill  prevent  the  Btraining  of  the  plates  froiti  expansion  and  con- 
mction.  A  small  space  iiiiist  he  left  between  the  rear  tube  sheet 
ui(3  the  brick  wall  to  allow  for  expauaion. 

The  boiler  shown  in  Fig.  11  has  two  steam  nozzles  N.  If  the 
^Viiler  has  a  dome  (D  Fig.  13)  the  eteam  nozzle  is  at  or  near  the  top 
I  of  the  doiitu  The  feed  pipe  may  enter  either  at  the  front  or  at 
•  the  rear.  It  frequently  terminates  in  a  perforated  pipe  below  the 
^Irater  line.     The  blow-off  pipe  is  at  the  rear  of  the  boiler  as  shown 


^T2!:^-''KQ'/:^ 
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■n  Fig,  13  A  valve,  called  the  blow-off  valve,  regulates  the  flow 
"d  may  be  opened,  when  there  is  low  pressure  in  the  boiler,  to 
w  out  sediment  and  detached  scale.  The  boiler  is  usually  set 
F'lli  a  slight  inclination  towanl  the  rear  sn  that  mud  and  detached 
^ia  ttiay  collect  near  the  blow-off  pijif. 

In  order  that  the  boiler  may  be  entere<l  for  cleaning  or  repairs, 
t  is  provided  with  manholes  and  handholes.  Fig.  11  shows  a 
I  *>anh[)le  M  at  the  top  near  the  middle  and  a  handhole  near  the 
wttom  of  the  front  tube  sheet.  Handholes  may  lie  put  in  wherever 
•ji^ired,  "ont  manholes  cjin  l>e  located  only  where  the  arrangement 
ul  Btayg  and  tubes  will  permit  the  entrance  of  a  man.  Manholes 
anil  bundholeM  are  elliptical;  thti  former  being  about  11  inclies  by 
15  inches  in  size;  while  the  latter  are  about  4  inckes  by  6  inches. 
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The  beating  surface  ia  the  surface  in  contact  with  the  hot 
^asee.  In  this  type,  the  heating  surface  is  made  up  uf  abont  half 
tlie  shell,  the  tulles,  au<l  ahoiit  two-thirds  of  the  rear  tulie  sheitt. 
In  guiieral,  all  the  heating  surface  is  lielow  the  water  line. 

Tlie  complete  multitubular  boiler  is  shown  in  its  brick  setting 
in  Fig.  14,  aud  a  longitudinal  section  of  the  setting  in  Fig,  13. 
The  brick  setting  consists  of  brick 
laid  in  cement  or  mortar.  The 
liridge  and  the  portions  of  the  fur- 
nacB  exposed  to  the  fire  are  limtd 
with  tire  brick.  The  bridge  h  built 
nt  the  rear  of  the  grate  and  forms  a 
support  for  the  grate  bars;  it  also  di- 
rects the  Barnes  upward.  Thearrowa 
show  the  direction  of  the  flow  of  hot 
gases.  The  furnace  is  formed  by 
the  bridge,  the  side  walls,  and  the 
lower  part  of  th«  boiler  front.  The 
hoilef  front  is  usually  cf  cast  iron 
with  the  lower  part  lined  with  (ire 
lirick.  The  front  has  doors  which 
!t-ad  to  the  furnace,  ashpit,  and 
Mnoke  box.  The  space  below  the 
irrateisc^lled  the  ashpit,  and  through 
its  doors  ashes  are  removed  and  a 
larire  jwrtion  of  the  uir  for  coinbus- 
liun  enters.  Both  the  tire  doors  and 
ashpit  doors  have  draft  plates,  or 
!;rids,  to  regulate  the  supply  of  air, 
[five  access  to  the  tulies  for  cleaning  and  r 


Fig.  1.5. 
e  doors  to  tlie  smoke  box 


UPRIGHT  B0ILER5. 
Vertical—Many  Small  Fire  Tubes— Fire  Box. 

rpriglit  boilers  are  used 
lliere  is  sutticieiit  height.  In  si 
iiig  engines,  [)ile   driving,  for 

similar  work;  in  large  sizes  when  it  is  necessary  to  hav 
battery  in  a  small  space.      In  general  they  are  not  as  e 


I'lieii   floor  s]iace  is  valuable  and 

ijill  sizes,  they  are  used  for  hoist- 

ii[i))lying  steam   for  pumps,  and 

|X)werful 

jniical  as 


ao 
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the  horizontal  multitubular  boiler  unless  they  are  carefully  deBigned 
and  of  coneiderable  height.  If  the  tubes  are  short,  the  hot  gases 
escape  before  they  give  up  much  of  their  heat. 

One  of  the  simplest  forms  of  upright  boiler  is  showD  in  Fig. 
15.  It  has  a  cylindrical  shell  with  a  large  fire  box  at  its  lower 
end.  This  fire  box  is  formed  by  the  inner  cylinder  which  is  fas- 
tened to  the  outer  shell  by  short  screw  stay  bolts  as  shown.     A 


Fig.  16.  Fig.  17. 

flanged  ring  connects  tlie  fire  box  with  a  large  flue  which  conducts 
the  hot  gases  away.  The  necessary  handholes,  gages,  safety  vaWea, 
etc.,  are  provided.  This  form  is  not  economical  bnt  is  used  oji 
account  of  the  little  attention  refjuired. 

More  economical  forms  of  the  small  upright  boiler  are  illus- 
trated in  Fig,  Ki  and  17,  Tlie  boiler  shown  in  Fig,  10  is  a  com- 
mon form;  externally  it  is  like  the  boiler  represented  by  Fig,  15. 
but  within,  it  has  a  somewhat  different  construction.     It  resembles 
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iilti tubular  boiler  placed  on  end.  The  fire  box  is  made  of  an 
«r  cjliiidiT  slHyed  to  the  onttir.  Tho  top  of  the  tire  box,  called 
16  lower  ta)ie  shtjet,  is  coiiuected  to  tby  upper  bead  by  tubes, 
ingh  which  the  htit  gases  pass  to  the  Btiioke  pipe.  It  will  be 
ilj  Been  from  Fig.  H),  that  ibe  upjK-r  ends  of  the  tulws  are 
irrounded  with  eteam  while  the  lower  portions  are  covered  with 
iter.  As  steam  is  a  poor  conductor  of  heat,  the  euda  of  these 
ibes  are  liable  to  injury  from  overheating. 

In  the  elaes  of  boiler  shown  in  Fig.  17  the  upper  ends  of  the 

ibee  are  below  the  water  level,  thue  avoiding  the  weakness  des- 

Ibed  in  connection  with  Fig.  16.     The  upper  tube  sheet  is  sub- 

irged  and  is  flanged    and    riveted  to  the  frustum  of  the  cone 

lich  forms  ihe  smoke  box.     The  chief  defect  in  this  boiler  is 

it  the  lower  part  of  the  cone  is  often  placed  too  near  the  shell; 

lis  is  done  to  admit  more  tnlies.     This  couatruction  restricts  the 

Ufh  that  there  is  not  sufficient  room  for  the  steam  to 

afi  it  is  formed  on  the  tnlies.     The  cone,  which  is  subjected  to 

!Pnal  steam  pressure,  is  likely  to  be  weak  and  is  usually  care- 

1;  stayed. 

These  small  upright  boilers  require  no  brick  setting,  as  the 

box  is  within  the  boiler  and  the  cast-iron   foundation  forma 

aehpit. 

MANNINQ  BOILER. 
Vertical— Many  5mall  Ftre  Tubes— Fire  Box. 

The  Manning  boiler  is  illustrated  in  Fig.  IS.     In  order  to 

It  a  large  heating  surface,  it  is  made  20  to  30  feet  high.     It  is, 

general,  similar  to  the  upright  boiler  shown  in  Fig.  Ki.     At 

I©  lower  jwrtion,  the  shell  ia  of  greater  diameter  than  at  the  top' 

order  to  provide   a   large  grate   area.     The  inner  fire  box  ia 

Blayed  to  the  shell  by  screw  stay  bolts.     As  the  fire  box  is  aur- 

nded  by  water  and  there  are  many  long  tubes  there  is  a  large 

ttiug  surface.     The  lulx-s  are  arranged  in  concentric  circles  with 

Space  for  circulation  in  the  middle. 

The  external  fire  box  is  joined  to  the  shell  by  a  double  flanged 
ring  S3  ebown  in  Fig.  11';  or.  by  the  cone-shaped  section  as  illus- 
trated iu  Fig.  20.  The  top  etige  of  the  internal  fire  bos  is  riveted 
to  the  lower  lube  sheet  which  is  flanged.  The  boKom  of  the  inner 
fire  Itox  is  connected  to  the  outer  shell  by  a  welded  ring  (shown 
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in  sevtioD  in  Vigs.  I'J  and 
20)  c-alted  tlm  foundHtion 
ring,  Tlie  water  Bpace  be- 
tween the  inner  and  outer 
tire  box  plates,  called  the 
water  leg,  Bhoiild  be  large. 

Tills  boiler  is  cleaned  by 
means  of  handlioles.  Tliey 
are  placed  in  the  shell  plales 
near  the  lower  tube  sheet,  in 
the  external  firebox  just  over 
the  furnace  door,  and  at  the 
bottom  near  the  foundatiuii 
ring.  As  there  are  no  man- 
holes  for  cleaning,  the  boiler 
lA  suited  to  good  feed  water 
only. 

The  feed  pi[)e  enters  the 
shell  at  the  side  near  the 
middle  of  the  water  8])ace, 
and  extends  across  the  boiler; 
it  is  perforated  to  distribute 
the  water. 

The  heating  surface  con- 
sists of  the  inside  of  the  lire 
Ikix  and  the  tulies  up  to  the 
water  level,  and  the  tube 
sheet.  That  part  of  the  tuln-:* 
•//,.,r--  the  water  line  is  tlie 
superheating  surface;  ihat  is, 
the  heat  from  the  gases  passes 
Ihrongh  the  metal  of  the 
tnln-s  to  the  steam,  thus  rais. 
ing  its  temperature  witlmnt 
raising  its  pressure.  Sleam 
heated  under  these  condi- 
tions is  called  superheated 
steam.     In  small   vertical 
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tioilere  tliifi  BUperLtt&ti ng  Biirf&t'ti  is  not  desirable  because  the  work 
of  tkt)  Biiiall  boiler  does  not  require  superheated  steAiii  and  the 
tubes  are  likely  to  be  burned  by  the  intense  heat.     With  the  long 


FiK-  19. 
1  of  the  Manning,  the  gases  -ari'  nut  n 


FiK.  ai. 


Iiilies  of  the  Manning,  the  gases  "are  nut  as  hut  when  they  reach 
Ihe  top,  and  as  this  boiler  ia  built  in  hirge  powers  (:20()  horse-power 
Iteing  coniiiion)  tiie  engint-s  supplied  are  bnilt  for  ecouorny  and 
require  dry  if  not  superheated  steam, 

RETURN-TUBE  BOILERS. 
HorizonUI  -Many  Small  Fire  Tubes— Internally 'PI  red. 

The  boilers  hitherto  tiesc.ril)ed  are  used  mainly  for  stationary 
work,  the  exceptions  Iwiug  so  few  that  tlicy  need  not  bo  even  men- 
tioned.    Let  us  now  discuss  auotlier  moditication  of  the  fire-tnl>e 
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boiler — one  tbat  baa  been  and  is  now  exteoeively  need  in  marine 
work.  The  parts  of  tbe  return -tube  boiler  are  esBentiall  j  the  same 
as  tbose  of  flue  boilers  (Cornish  and  Lancashire)  and  the  multi- 
tnbnlar  boiler.  They  are,  however,  arranged  differently  in  order 
to  be  nsed  on  board  ship. 

The  earliest  forms  of  marine  boilers,  working  with  pressures 
of  15  to  80  ponnda  per  square  inch,  were  square  or  box-shaped. 
They  were  economit^l  and  of  convenient  form  for  ships.  When 
higher  steam  pressures  became  necessary,  the  flat  surfaces  required 
60  much  staying  that  they  were  abandoned  and  the  cylindrical 
type  introduced,  as  this  form  is  the  best  of  the  practical  shapes  to 
resist  internal  pressure.  The  cylindrical  form  may  not  be  as  con- 
veniently stowed  aboard  ship,  but  it  will  stand  much  higher  prea- 


Fig.  21. 


aures.  The  cylindrical  marine  boiler  is  frequently  built  for  170 
pounds  per  square  inch. 

The  single-ended,  return-tube  boiler,  shown  in  Fig.  21,  com- 
bines  the  interiiiil  furnuce  flue  of  tlie  Cornieli  ty|>e  and  the  numer- 
ous small  Are  tubes  uf  the  multitubular.  The  cylindrical  shell  is 
made  up  of  plates  riveted  together  and  to  the  flat  ends  of  the 
boiler,  which  are  flanged  to  fit  the  shell. 

The  furnace  ia  cylimliical,  three  to  four  feet  in  diameter  and 
about  seven  feet  in  length.  The  front  end  of  the  furnace  flue  ia 
riveted  to  the  front  end  jilate.  which  ia  flanged  for  the  purjwse. 
The  back  end  is  riveted  to  the  combustion  chan^r  platea.    For- 
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merly,  tbe  flue  was  a  ]ilaiu  cylinder,  but  aa  a  iilniii  cylinder,  unless 
(if  Biiiall  diniueter,  cfliinot  ettind  iinii'li  exlprnal  jtreeenre,  it  soon 
lieutiiie  uepeasary  to  strengthen  it.  Tbis  was  done  hy  means  of  the 
iiirved  ring  shown  in  Fig.  5  and  other  methods;  but  at  present 
thi'  corrugated  flue  ia  used,  one  form  being  shown  in  Fig.  (i. 

Tb«  gmte  is  [ihiued  at  about  the  center  of  tbe  height  of  the 
furnace  (Ine;  the  a[)ace  above  this  grate  is  occupied  by  the  lire  atid 
W  gases,  Mow  il  is  llie  ashpit.     As  will  be  seen  from  the  arrows 


■  Fig  21,  the  hot  gases  fill   the  spHce  above  thL-  (ire,  the  conibus- 
0  chamber,  the  tubes  and  tbe  ujitaite. 
The  combustion  cLaTiiber  in  which  the  products  of  conibus- 
1  completely  burned,  is  formed  of    Hat  and    curved  plates 
d  at  the  edges  and  riveted  together.     The  shape  of  the  plates 
in   Fig.  21.  which  is  a  sectional   view  of  a  eingte-ended 
B  boiter.     Tbe  back  tube  sheet  forms  the  front  of  the  com- 
■*Iion  chamber.     Tlie  space  around  the  tubes,  furnace  flue,  and 
"iihiiation  chamber  is  filled  with  water,  the  water  level  being  six 
*  "'git  inches  above  the  top  row  of  tubes.     Tbe  space  above  the 
*"»tw  level  ia  called  the  steam  space. 
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Afi  tlie  returii-tul«'  Iwili-r  liaB  ewveral  flat  siirfju-eB,  this  type 
rcqiiirva  careful  Btajiiiff.  Tins  flat  unde  alwve  t\w  water  level  are 
jiri'Vfntwi  from  bulging  by  long  stay  rods  wliicli  are  siinilar  to 
those  in  tlieiiiuItitubHlar  type.  Below  the  water  level,  the  furnace 
flue  and  the  tubes  aid  in  holding  the  flat  plates  together.  In  addi- 
tion,  a  few  of  the  tubes  (shown  by  the  heavier  circles  in  Fig.  21 1 
are  made  thicker  so  that  a  thread  may  l>e  cut  on  the  ends  which 
are  screwed  into  the  tube  sheets  and  held  by  thin  nuts.  The  coin- 
bufltifni  chanil>er  platef  are  stayed  to  Ihe  rear  end  plate  and  the 
shell  by  short  screw  stay  l>oIts,  The  flat  top  of  the  coiiilnistioii 
chamlMT  in  snpported  by  girders  or  crown  bars. 

Number  of  Furnaces.  The  boiler  shown  in  fig.  21  has  only 
one  furnace,  but  return. tube  boilers  frequently  have  two,  three,  or 
four  furnaces. 


Fig.  -~  wbiiws  a  lH>iIer  with  three  furnaces.  Ijirgc  furnaces 
are  more  efficient  tlian  small  ones  because  the  grate  area  increases 
directly  as  the  dianieter,  while  the  air  s|)ace  above  the  grate  in- 
creases as  the  square  of  the  dianu'ter,  Tlie  greater  siiace  aids 
combustion.  The  length  of  Ihe  grate  bars  is  lu'arly  (wnislant  for 
all  siifes  of  flue  because  it  is  limited  by  the  distance  a  tirenian  can 
throw  coal.  Furnace  fines  are  usually  from  ■Vt  to  ij-t  inches  in 
ze  of  furnacA's  is  flxed,  the  number  defK-nd^ 
boiler,  for  a  large  lH»iler  innat  have  a  largs 
II  be  oblaiiunl  only  by  using  several  furnaces  . 
lents  are  shown  diagrammaticalty  in  Fig.  2* 
1  boiler  has  lint  one  combustion  chauiiter.  /^ 
!  have  a  combusti<in  chamlier  for  each  fur- 
combustion   chamlter.      If  there  i--* 


As  the  si 

size  of  the 

which  ca 

IS  arrangeii 

A  singlu-furnaci 

two. furnace  hoih-r  may  I 

nace  or  it  may  have  a 


grate 
The 


but  one  Iwiler  on  board,  it  is  ln.'tter  to  have  t 


iibnstiou  chain- 
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Iters,  so  that  in  case  a  tii1)e  bitrets,  the  I^Htiler  will  not  be  diRnliled. 
If,  however,  there  are  several  boilers,  it  ie  better  to  have  a  cuiiuiion 
coinbastion  chamber  for  the  two  furnacea,  becaiiee  the  alternate 
Btoking  keepa  np  a  more  nearly  conBtant  pressure  of  steam  and 
there  is  less  smoke.  Three- furnace  boilers  nsnally  have  three 
combustion  chambers,  while  four-furnace  boilers  have  two.  In 
case  four  furnaces  are  used  with  three  couilmstion  chambers,  the 
two  center  furnaces  lead  to  a  common  combustion  chamber  and 
each  outside  furnace  lias  one. 


Double-ended  Boilers.  This  form  of  marine  return. lulw 
'*iler  is  practically  tlie  same  as  two  siuple-euded  boilers  placed 
''i*fk  to  back,  but  witli  the  rear  plates  removtHl.  The  weifiht  of 
""'  rear  plaUis  is  saveil  and  there  is  less  loss  froin  nidiatimi.  This 
'"aW  the  double-ended  boiler  lighter  and  <'hea|«.T  in  pr(i|j(irtion 
lothe  heating  surface.  Double-ended  boilers  are  often  made  Ki 
'*«t  in  diameter  and  18  feet  long. 
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There  are  two  distinct  claBses  of  double-ended  retnrn-tn 
boiler — tbose  having  all  the  furnaces  open  into  one  combueti 
chamber  and  those  having  several  combuetion  chambers.  T 
boiler  having  but  one  combustion  chamber  has  the  disadvanta 
that  if  one  lire  is  being  cleaned  the  whole  boiler  inay  be  cooled 


the  inrush  of  cold  air.  It  ia  U'tter  to  have  a  combustion  chaml 
for  each  furnace  or  at  le-ast  have  &  coniliustiou  cbaiiil)er  for  the  fi 
naces  of  each  end.  The  usual  im-thod  of  dividing  up  the  conibi 
tion  chambers  is  by  water  spaces  as  shown  in  Fig.  '2-4,  which  is  t 
section  of  a  boiler  h^'-ing  a  combustion  chamber  for  each  furna- 
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Internal  Furnace  Return-Tube  Boiler.  Although  the  retiirtf. 
tube  boiler  is  coinmoiilj  uhhcI  in  marine  work,  this  type,  with 
some  changes  in  detail,  is  usee!  in  plai 


utB  ashore.      Fitf.  -5  shows 


Ffhe  constnietion  and  ari-anj 
Jirojwrtion  to  the  diameter  tliai 
I'm  combustion    chamber  in 

»[»rtljtxternal  to  the  shell,  that 
^1  tile  rear  tiilw  sheet  in  also  the 
•BBretid  plate.     This  arningi-- 
iBfnt  does  away  with  the  net-es- 
'i'y  of  staying  the  flat  platt-a 
"ftlieconibuation  chamber. 
Another  form  of  interual 
niMe,  retnru-tulje   boiler  is 
1  Fig.  20.     This  boiler 
Daily  has  two  fines  extendini;; 
III  tlie  front  to  tlie  hack  head. 
» grate  is  placed  in  the  cor- 
Ipted  portion  wliile  conical 
*»ler  lubeB  support  the  flue 
_  Wk  of  a  bridge  wall.     Tlie 
'u'l'i'  furnaces  and  the  space  around  the 
'^uiltustiou  chamber  of  ample  size. 


oiiical   tubes  provide 


so 
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•  The  arrows  show  tbe  direction  of  tb©  hot  gamiS.  After  lea 
ing  the  internal  flue  they  enter  the  rtiturn  tubes  which  are  beh 
tlie  furnace;  i»efore  lejiviiig  the  Iwiler,  they  [waa  underneath  t 
Bhetl.  By  tliia  arrangement  tlio  Jiottest  gases  an*  near  the  wa 
line  and  the  fonler  gases  in  contact  with  the  cold  water,  thus  thi 
is  the  greatest  difference  in  temperature  at  all  times.  At  ea 
change  in  the  direction  of  the  hot  gases,  there  is  an  opportnn 
for  dirt  and  ash  to  fall  hy  gravity  so  that  the  tubes  may  renii 
ch'an  and  efficient. 


With  tile  exfeptiiin  of  the  foundation  tliere  is  no  brickwoi 
Tbe  shell  is  e<ivert-d  with  a  non-condncting  material.  This  boil 
like  the  (iiilluway.  ha^  :i  large  steam  and  water  space,  thus  insi 
ing<b-y  sti-iini  ittid  great  reserve  jMJwer. 

THROUOH-TUBE  BOILERS. 
Horizontal -Many  Small  Fire  Tubes— Internally  ■  Pi  red. 

Vessels  of  slight  draft  RMpiire  H  l.oiler  of  small  diamet 
Tliis  is  i's[MH.-ialIy  Inie  i)f  giinlxiala  as  it  is  deairahle  to  have  t 
boilers  lielnw  the  water  line.  As  there  is  not  room  for  the  retlir 
tiilie  boiler,  tlui  ihroiigli-tnbe,  siiown  in  Fig.  27,  is  soinetim 
used,  Tbid  boilt-r  is  made  »]>  of  the  saujo  parts  as  the  relui 
tulw,  the  chief  difference  being  that  of  arraugement.     The  rti 
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jUIo  of  thf  combustion  chamber  forms  one  lubu  sheet  ami  tha  eiui 
|)Ute  forms  the  other.     The  top  of  the  combustion    chamber  is 
itfiji^  lu  tht<  fihcll  liy  sliiifj  staya  which  am  Twrs hiiviii^r  foikfd  ends 
led  lu  tbt-  ^h.-ll  aji4  (o  till-  L^oiMl.MSlIon  .'I.Hink-r. 


Wh  lire  is  in  a  tluf,  oi'  Hues,  wliicli  lends  to  the  combustion 
™>ttj!nir.  Xhe  liot  giisi-a  pass  from  thtj  coujIjuHlion  cbimiber 
'''fngh  the  tulws  to  the  uptake  iit  tbo  back  end.  The  chief  i.b- 
Wiou  to  thia  form  is  its  lengtli.  for  the  heating  surface  ifi  amull 
""''■^s  the  boih.r  in  made  very  long. 


82 
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FIRE-BOX  BOILERS. 

LOCOMOTIVE  TYPa 

Hoiizootal— Many  Small  Fire  Tubes— Externally -Fired. 

Although  vertical  fire-tube  boilers  may  be  classed  as  fin 
boilers,  yet  the  name  fire-box  boiler  is  usually  applied  to  the 
motive  type  whether  used  with  a  locomotive  or  as  a  stationary  b 

The  usual  form  of  horizontal  fire-box  boiler  consists  of  i 
indrical  shell,  or  barrel,  partly  filled  with  tubes,  and  a  rectan 


Fig.  28. 

tire  box.     The  shell   is  prolonfred  beyond  the  rear  tube  she 
form  a  smoke  box.     The  front  ends  of  the  tubes  open  into  the 
box,  while  the  rear  ends  open  into  the  smoke  box.     The  hot 
from  the  fire  pass  through  the  tubes  to  the  smoke  box  and 
thence  to  the  stack  or  uptake.     For  locomotive  work,  there 
large  number  of  small  tubes  (usually  2- inch),  but  for  static 
work  the  tubes  are  larger  and  less  numerous.     The  reason  foi 
difference  is  that  in  the  locomotive  boiler  a  greater  heating  su 
is  necessary,  and  to  obtain  sutticient  draft  to  burn  the  large  an 
of  coal  for  this  heatincr  surface,  the  exhaust  steam  is  turned 
the  smoke  box.     The  blast  of  steam  carries  the  heated  gas< 
the  stack  and  a  fresh  supply  of  air  passes  through  the  grate. 

The  cylindrical  shell  is  joined  to  the  fire  box  by  riveting 
flanged  ring  or  to  a  cone-shaped  portion  as  in  the  vertical  b 
The  fire  box  has  a  rectangular  cross -section  and  usually  a  flal 
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Like  tht!  vertical  boiler  there  ib  an  inner  and  an  outer  fire  box,  tlie 
ioner  having  the  same  shape  as  the  outer,  except  that  the  top  is 
ftat.  The  external  fire  box  is  connected  to  the  inner  by  short 
screw  stays.  The  space  between  is  called  the  water  leg.  The  flat 
top  is  stayed  by  girders  or  crown  stays.  Tliese  are  sometimes  at- 
tached to  the  shell  by  sling  stays.  The  lower  portions  of  the  tube 
sheets  are  held  in  place  by  the  tubes;  the  upper  portions  are  stayed 
liy  di^ruiial  stays. 


Pig.  31. 

*-ue  chief  differences  in  the  various  forms  of  I«K;oniotive  boilers 

ire  tile  shape  of  the  tire  bo.x  and  the  location  of  the  gritte.     Loco- 

motive  boilers  are  either  straight  top  or  wagon  top.     The  wagon 

top  boiler,  see  Fig.  28,  has  a  cone-shaped  }>ortion  by  means  of 

«\iicti  the  boiler  is  larger  at  the  fire-box  end.     This  construction 

W  give  a  greater  steam  space.     The  increase  in  size  of  boilers 

«  raised  the  top  so  high  above  the  rails  that  the  wagon   top  is 

not  now  naed  extensively;  the  straight  top,  sew  Fig,  2i*,  is  more 
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Belpaire  Boiler.  The  shell  and  fire  tubes  of  thic 
boiler  are  practically  the  same  as  in  any  other  fire-box  t 
peculiarity  lies  in  the  fire  box.  The  inner  and  outer  fire-1 
are  horizontal  at  the  top,  and  the  sides  of  the  outer  fir 
continued  so  that  the  space  above  the  crown  sheet  is  recta 
section.  The  advantage  of  this  construction  is  that  the 
holding  the  crown  sheets  and  side  sheets  can  be  placed 
angles  to  the  sheets.  This  reduces  the  tendency  to  bend 
under  pressure. 


Fig.  ;k. 

Wootten  Boiler.  In  this  type  also,  the  fire  box  is 
portion  to  be  considered.  The  size  of  the  locomotive  1 
limited.  With  older  ty{>e8  the  width  was  limited  to 
three  feet  and  the  length  to  less  than  seven  feet.  This  w; 
of  the  frames  and  the  distance  between  the  axles.  By  p 
fire  box  above  the  axles,  the  width  was  increased  by  a: 
equal  to  the  thickness  of  the  frames  or  about  seven  inche 
length  increased  to  about  eleven  feet.  By  raising  the  fir 
more  and  placing  it  above  the  driving  wheels,  the  widi 
still  further  increased. 

A  broad,  shallow  fire  box  is  required  if  anthracit 
used.  The  Wootten  fire  box,  shown  in  Fig.  30  and  3 
wide  and  is  placed  on  top  of  the  driving  wheels.  Former 
bustion  chamber  was  placed  between  the  end  of  the  grat 
tubes,  but  as  it  was  found  to  be  unnecessary,  it  is  not  no 
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Lentz  Boiler.  The  object  of  the  design  shown  in  Fig.  32  is 
to  avoid  the  use  of  stays.  To  do  this  no  flat  plates  are  used,  ex- 
cept the  tube  sheets  and  these  are  stayed  by  the  tubes.  The  fire- 
box is  in  the  form  of  a  corrugated  flue  similar  to  those  in  inter- 
nally-fired, return -tube  boilers.  As  this  is  circular  it  requires  no 
stays.  The  shell  is  circular  and  shaped  as  shown  in  the  illustra- 
tion. This  type  has  been  much  used  in  Europe,  but  a  few  have 
been  built  in  this  country. 

FIRE-BOX  BOILER  FOR  STATIONARY  WORK. 

The  fire-box  boiler,  usually  called  the  locomotive  boiler,  is 
often  used  for  stationary  work,  traction  engines,  and  for  vessels  of 
light  draft.     This  type  of  boiler,  slightly  modified,  is  sometimes 


osed  for  generating  the  steam  for  heating  buildings.  It  is  econom- 
ical and  durable  when  used  with  natural  draft.  The  chief  differ- 
ences in  construction  are  larger  tubes  because  of  the  draft,  and  the 
changes  due  to  method  of  support.  A  common  form  is  shown  in 
''^^g.  33.  This  type  has  been  built  in  large  sizes  for  high  pressure, 
but  when  so  made  is  expensive. 
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PECULIAR  FORnS. 
Fire-Tube  Boilers,  but  dineriag  Irom  those  described. 
Return  Tubular  as  Stationary.  Boilers  of  the  form  shown 
in  Fig.  34  resemble  the  locomotive,  fire-box  type,  but  in  addition 
have  retnra  tubes.  The  hot  gases  reach  the  aptake  by  means  of 
these  tubes  instead  of  passing  to  tbe  chimney  from  the  emoke-box 
end.  Thus  they  combine  the  advantages  of  tbe  fire-box  type  and 
the  return-tube  type  without  the  brick  furnace.  The  water  sur- 
rounds the  furnace  on  all  aides  except  the  front.  They  are  built 
in  sizes  from  12  to  70  horae-power.  As  Fig-  34  ebowa  the  con- 
stractioD  so  clearly,  further  description  is  unnecessary. 


Fig.  34. 

The  Cochrane  Vertical  Boiler  is  somewhat  like  tbe  return — 
tul)e  boih'r  in  point  of  arrangement  of  heating  surface.  T!iLt=^ 
Imiler  is  ebowu  in  section  in  Fig.  35.  Tbe  hot  gasea  pass  froii-» 
the  furnace  to  thy  combustion  cliaml)er,  then  through  the  tul>eB  t^ 
the  uptakf.  The  beating  surface  consists  of  tubes  and  the  plat(^'= 
of  the  fire  box  which  is  surrounded  by  water  except  the  bottoii  _a 
Tbe  crown  of  the  boiler  and  of  the  fire  box,  being  hemispherical^ 
require  no  staying,  Tbe  ht-mispberii-al  crown  also  allows  a  lar^^^ 
steam  sjiace.  Tbe  H;it  plates  (the  tube  plates)  are  held  togeth  -^ 
liv  the  tubes. 


"y 


The  Shapiey  Boiler,    shown    in    Fit;.   30,  may  be    called 
^■turnflue  vertical  boiler.     Tbe  uppr  portion  ia  a  reservoir  Fo' 
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water  and  steam  and  the  lower  contains  tbe  fire  box.  Tlie  crown 
sheet  of  the  fire  box  is  stayed  to  the  top  by  through  stays.  The 
hot  gases  from  the  fire  rise  in  the  fire  box,  pass  through  short 
horizontal  tubes  to  an  annular  space.  This  annular  space  is  con- 
nected to  the  flue  at  the  base  by  vertical  tubes  passing  through 
the  water  space. 


Fig.  35. 

Tliis  boiler  has  a  Inrgo  coinbiistion  chamber;  the  fire  box  is 
Troiinded  by  water,  and  the  crown  sheet  and  IuIhsb  are  removed 
"^•tt  the  intense  heat  of  the  fire.  This  arrangement  increases  the 
^ting  surface,  allows  complete  combustion  and  results  in  a  du- 
"^We  boiler.  The  base  is  partially  filled  with  water  so  that  any 
^PM'ta  carried  over  will  be  quenched. 

Robb-Mumford.  This  boiler  resembles  the  through-tube 
'"ternally-fired  boiIer(see  Fig.  27)  in  that  theiire  is  within  »  corru- 
^t«d  flue  and  the  tubes  lead  from  this  flue  to  the  rear  of  the  boiler. 
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The  Robb-Miimford  boiler  consists  of  two  cylindric: 
or  sbells,  connected  at  each  end  )iy  a  neck.  See  Fig  3 
upper  drum  is  a  Httutm  and  water  drnni,  the  water  level 
about  the  middle.  The  lower  sbull  is  larger  and  is  inolin 
one  inch  in  twelve  to  increase  the  circulation,  and  facilitt 
ing  out.  In  this  lower  shell  is  the  corrugated  flue  contai 
grate.  The  fi 
nearly  fill  the  n 
portion  of  the 
shown. 

The  furnace, 
the  coal  is  bn 
surrounded  by  w 
hot  gases  pass 
the  tubes  to  the 
turn  between  t 
and  upper  sbell 
capetothecbim 
the  front  of  tb 
The  steel  casii 
the  gases  in  con 
the  drums.  Tl 
circulation  is  6 
the  arrows.  1 
ture  of  water  ai 
enters  the  upp< 
the  steam  here  ; 
from  the  wate 
lluws  down  them 
forward  end. 

circular  hattio  plftle<lirerts  tliia  witter  around  tlie  furnace  tc 
torn.  Thefeed  watereiitcrsatthe  rear  of  tlie  b team  and  wal 
As  compariMi  with  tlie  multitubular  boiler  one  can  rt 
that  the  drums  can  be  made  much  thinner  on  account  of  I 
diameter.  The  tubes  are  short,  straight,  and  easily  cleam 
internal  furnace  does  away  with  much  of  the  loss  from 
As  the  water  ia  well  subdivided,  steam  t-an  be  raised  raj 
there  is  little  danger  of  a  disastnuiw  explosion. 
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Directurn.  The  Bt-g^'B  "Bim-tiirD  "  boiler  (Fi^r.  88)  is,  in 
brief,  a  far/  tal  exter  ally  fire  i  ult  tul  u!ar  loir  n  m1  cl 
tubes  conduct  hut  gases   th  u  gb    the  s^w  u   I   b     I   Lbu   I  r  dge 


■"'s  boiler  consists  of  a  shell  partly  filled  with  3-inch  tubes.  The 
"***■  of  the  furnuce  is  a  throat  sheet  in  which  4-incli  tubes  are  ex- 
^ed.  The  other  ends  are  exjmnded  into  the  rear  end  plate  whirh 
id^  large  enough  for  the  purjxise.     The  boiler  is  encased  in 


42  TYPES  OF  BOltEES 

steel  plates  lined  with  fire  brick  winch  ia  held  in  place  by  rods 
passing  through  the  notches  as  shown.  The  manhole  for  entering 
the  boiler  is  placed  in  the  front  head  instead  of  in  the  shell  as  is 
frequently  done. 


WATER-TUBE   BOILERS. 

Tlie  watiT-tiilN-  Uuil.T  (lifFera  t-Hai-iitially  from  tlie  fire-tiiU'- 
Tlic  iiiiMi.-s  iiiilit-att'  till'  i-hicf  point  of  dilfi-n-iioe.  In  the  tire-tiil*- 
IkjIUt,  the  tiibos,  wliJcli  are  aiirnnindwl  with  water,  conduct  the 
hot  gases  to  the  snioke  box.  In  the  water-tube,  the  tubes  are  6\M 
with  water,  and  the  hot  gases  pass  over  and  among  them  on  their 
way  to  the  chimney. 

Although  flue  boilers  and  the  tubular  types  were  introJnced 
at  an  earlier  pi-riod  than  the  water-tube,  yet  the  last-named  type  is 
not  a  new  form  of  steam  generator.  About  a  century  ago,  John 
Stevens  invented  a  water-tube  boiler  and  fitted  it  to  a  steamboat. 
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This  boiler  (Fig.  39)  was  a  combination  of  small  tubes  connected, 
at  one  end  to  a  reservoir.  Thus  the  "porcupine"  was  one  of  the 
earliest  forms.  At  various  times  since  then,  many  ideas  have  been 
worked  out  both, for  marine  and  stationary  boilers.  During  the 
last  fifteen  years,  however,  the  water-tube  boiler  has  been  steadily 
growing  in  favor,  the  chief  reasons  being — the  necessity  of  higher 
steam  'pressures,  greater  reliability  of  materials,  greater  skill  in 
design  and  workmanship,  and  more  intelligent  management. 

It  is  not  within  the  province  of  this  instruction  paper  to  dis- 
cuss the  relative  merits  of  fire-tube  and  water-tube  boilers,  but  a 
careful,  impartial  consideration  seems  to  show  that  as  far  as  econ- 


Fig.  39.    Stevens  Boiler. 

^'^^  of  running  is  concerned  there  is  but  little  difference.  The 
*^'"^:^-tube  boiler  is  reliable  and  can  be  handled  by  those  possessing 
^^^^^■riparatively  little  knowledge  of  engineering.  Its  chief  defect 
®^^:^uis  to  be  the  disastrous  results  following  an  explosion.  The 
'^r-tube  boiler,  on  the  other  hand,  is  safe,  and  suited  to  higher 
'ssures,  but  requires  greater  care  in  management. 

Before   discussincr   these    boilers    in   detail,  let    us    consider 
^*"^t^fly  the  salient  points. 

Safety.     Probably  the   greatest    advantage    claimed  for  the 

^^^t;«r-tube  boiler  is  its  safety.     The  boiler   contains    much    less 

^^tier  than  does  the  flue  or  tubular  boiler  and  the  water  is  divided 

^^^o  small  masses,  thus  minimizing  serious  results  in  case  of  rup- 

^^^«.    On  account  of  the  shape  and    arrangement   of  parts,  the 

^^^Xiulation  is  usually  good,  and  no  part  exposed  to  the  fire  can  be 

^^Covered  while  there  is  any  water  in  the  boiler.     The  tubes  can- 

^^t  become  overheated  until  the  boiler  is  empty  and  with  an  empty 

"^iler  there  cannot  be  a  serious  explosion. 
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Rapidity  in  Raising  Steam.  The  many  small  streams  into 
which  the  water  is  divided  as  it  passes  through  the  furnace  greatly 
facilitate  the  absorption  of  heat.  Because  of  the  small  streams 
and  the  rapid*  circulation,  the  water  is  converted  into  steam  in  a 
very  short  time.  Several  hours  (usually  five  to  seven)  are  re- 
quired to  raise  steam  to  working  pressure  in  a  tubular  boiler, 
while  in  many  water- tube  boilers,  steam  can  be  raised  to  over  200 
pounds  pressure  in  less  than  half  an  hour. 

Durability.  Most  water-tube  boilers  are  so  designed  that  no 
seams  are  exposed  to  the  fire  or  hot  gases.  The  seams  are  the 
weakest  part  of  a  boiler,  and  as  strains  due  to  unequal  expansion 
concentrate  at  such  points,  leaks  or  even  ruptures  are  liable  to 
occur.  In  the  water-tube  boiler,  the  joints  between  tubes  and 
tube  sheets  are  not  in  the  direct  path  of  the  hot  gases. 

Loss  of  Heat.     The  loss  of  heat  will  evidently  be  reduced  to 

a  minimum  if  the  heating  sur- 
faces are  such  that  [the  heat  read- 
ily passes  through  to  the  water. 
The  small  diameter  of  the  water 
tubes  (2  to  4  inches)  allows  the 
use  of  thin  metal  which  does  not 
hinder  the  transmission  of  heat. 
The  rapid   circulation  in  the 
water- tul)e  boiler  prevents  the 
acx'umulation  of  sediment  which 
is  a  poor  conductor  of  heat. 
Still   further,  dust  and  dirt  does  not  readily  collect  on  the  convex 
surface  of  water   tubes,  but  the  Inside  of  fire  tubes  soon  l)econie 
choked  with  soot  unless  cleaned  fre(juently.     See  Fig.  40. 

l-ess  Weight.  It  is  a  well-known  fact  that  a  cylinder  of  large 
diameter  must  be  much  thicker  than  one  of  small  diameter  when 
the  internal  pressure  is  the  same.  The  thickness  of  the  shell  of  a 
fire-tube  stationary  boiler  is  not  excessive,  because  of  the  moderate 
diameter;  but  in  the  return-tube  marine  boiler,  the  shell  plates  for 
250  pounds  pressure  would  be  about  1^  inches  thick.  The  difli- 
culty  of  working  such  thick  plates  and  their  great  weight  render 
the  cylindrical  boiler  unsuitable  for  high  pressures.  The  small 
tubes  and  drums  of  the  water-tube  boiler  may  be  made  quite  thin 


Fig.  40. 
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even  for  very  high  pressures.  In  general,  it  may  be  said  that  for 
the  same  capacity  and  pressure,  the  weight  of  a  water-tube  boiler 
is  only  about  two-thirds  that  of  a  tire-tube. 

CLASSIFICATIONS. 

Many  attempts  have  been  made  to  classify  water-tube  boilers. 
By  some  writers  a  classification  based  on  circulation,  or  on  the 
principle  of  operation,  is  claimed  to  be  superior  to  any  division 
according  to  construction.  Therefore,  they  di  vide  them  into  classes 
as  follows — boilers  with  limited  circulation;  boilers  with  free  cir- 
culation ;  boilers  with  accelerated  circulation. 

In  the  first  part  of  this  Instruction  Paper,  is  given  a  classifica- 
tion  according  to  features  of  construction.     No  classification  is 
altogether  satisfactory  because  boilers  overlap  into  other  divisions; 
a  water-tube  boiler  may  be  sectional,  of  the  double-tube  type,  have 
horizontal  tubes,  straight  tubes,  and  free  circulation.     In  order  to 
have  some  sort  of  classification,  and  as  no  discussion  will  l)e  entered 
into  regarding  relative  merits,  the  classification  given  on  page  6 
will  be  here  adopted  and  followed  as  closelyas  conditionswillpermit. 
Water-tube  boilers  are  divided  into  two  great  classes — hori- 
zontal and  vertical.     Under  these  heads  come  sectional  and  non- 
sectional,   straight-tube    and   curved-tube,   and    single-tube   and 
<louble-tube.     If  the  tubes  are  nearly  horizontal,  such  as  is  the 
<:!a8e  of  the  Babcock  and  Wilcox,  Root,  etc.,  the  boiler  will    be 
^^alled  horizontal.     If  the  tubes  are  vertical,  or  nearly  so,  as  in  the 
^ickes,  Stirling,  etc.,  the  boiler  will  be  classed  as  vertical. 

Although  most  boilers  can  be  classified  as  outlined  on  page  6, 

^here  are  a  few  of  such  peculiar  construction  and  arrangement  that 

'^hey  must  be   placed    by   themselves   under  **  Peculiar   Forms.'' 

Tliese  are  described  without  any  further  attempt  at  classification. 

As  it  is  impossible  to  discuss  all  makes  of  boilers,  a  few  rep- 

xesentative  forms  will  be  considered  as  types  of  their  respective 

classes.     No  attempt  will  be  made  to  choose  any  make  as  being 

the  best,  because  many  conditions  must  be  considered  in  selecting 

a  boiler.     The  boilers  described,  excej)t  in  a  few  cases,  are  now 

used  extensively  in  either  stationary  or  marine  work. 
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RlZONTAL  WATER-TUBE  BOILERS. 

BABCOCK  AND  WILCOX, 
ibes  Nearly  Moiizontal — Steam  and  Water  Drum  MoHzontal — 
Stralsht-Tube—Slnsle-Tube— Sectional. 

Stniction.  This  boilfi-  cimsista  of  a  large  uiiriiber  of  lap. 
KTongfit-iroi),  4-irith  tiiln's  cuiinecttd  to  I'lifli  other  aiit]  to 
ttal  ateam  and  water  drum.     The  arraiif^emeiit  of  the  [liirle 

ill  Fig.  41  w}iich  is  a  side 
n  mnch-iiaed  form  of  this 
|£acbtiiljt<  is  expanded  intoii 
If  the  form  shown  in  Fr^. -12. 
I  tubee  in  u  vertii."al  row  en  ti-r 
I  and  this  vertical  row  is  in- 
itof  the  others,  as  shown  in 
■  ThiiBitiareadily  seen  that 
I  Bectiooal  boiler.  Fig.  43 
10  the  *'  staggered  "  arrange- 
iit!  tubes.  In  the  baek  side 
)nt  header,  and  in  the  front 
the  rear  header,  holea  are 
jto  which  are  expanded  ilie 
[bee.  In  thi)  front  Bide  of 
ler  a  flanged  hole  opi>osile 
te  is  fitted  with  ahanddiole 
rbe  details  of  constriietion 
ta  It)  Fig.  44.  The  tops  of 
lers  are  eonnected  to  the 
,d  water  dniin  by  short  tubes  and  the  same  constniotioii  is 

conuectiiig  the  mnd  drum  to  the  rear  header. 
raUon.     'I'he  grate  is  at  the  front  end  of  the  boiler  under 
lw?r  end  of   the  tubes.     The  hot  gasea  from  the  fire  are 
y  division  jilatea  and  bridges,  so  tliat  after  rising  from  the 
ey  jiass  between  the  tubes  to  the  eoinbtistion  chamber, 

nuder  the  steam  and  water  drum;  the  gases  then  pass 
•d  among  the  tubes,  and  after  rising  a  seeoud  time  pass  olT 
limitey.  In  this  way,  the  direction  of  the  currents  of  hot 
It  nil  times  almost  at  right  angles  to  the  tubes,  thus  im- 
npon  them  instead  of  paesiug  pirallel  to  the  heating  ear- 
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faL'ee,  as  in  the  case  of  tiru  tubt'S.     Ah  tlit^  gaBrs  inipingf  tlirt 
ii^tiniit  thestiiggeretl  tiil>i>s.  tlie  licating  sitrfacu  in  very  etiicienfl 

Circulation.     The   fetnl  water   (>iiters    thu   stcain    aud  ^ 
dniiu  tliroDgli  tho  jtipo  sbuwn  in  Fig.  44.     It  te  thus  heated  I 
foro  it  iitixeB  with  the  hot  wnt^r  in  the  lioiler.     As  the  water  in 
tliti  lulifa  beootiivt}  hf^ltsl,  it  risea  to  the  higher  end  where  itii 


partly  converted  into  stcHin;  n  i-uhnnn  ol  water  and  i 
through  the  header  to  the  drum  io  which  the  steam  aud  « 
l>ec.oitie  fie|iariiliMj.  Tlui  c^ioler  water  at  tlit<  rear  nf  the  sImmii  I 
wiittT  drtitn  flows  down  into  the  lower  end  of  the  tul>««  and  ^ 
liet'onies  lieateJ  riaea.     Thus  there  is  a  eontiunuiis  eirculniiu 

8leaiii  is  taken   from   the  rear  end  of  the  steam  and  ' 
driiiii.     The  solid  matter  in  the  wnter  !>i  nut  depositt<d  un  tha  ta| 


i^y 


*n. 


to^^: 
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B  K){  the  rajiid  cin-ulatioii:  il  falls  lo  tho  mini  <lruin   fmin 

it  ie  Mown  out. 

Tlif  iimriiii-  fiiriii  of  tliis  Iwiler  haa  a  fross  tiriim,  that  ia,  the 

in  at  ri^ht  mi^lt^»  lit  tlii>  tiiin-s  iiii:<tt.'ail  of  jiuritllfl  to  ihoiii. 

Bitiiilar  In  fiiiin  to  tliu  L-ross-druiii   lypue  iittHl  for  stationary 

Tliis  form  is  nai'ij  in  cape  there  ia  not  siittii-ieur  Iiead  room. 


Tubes  Nearly  Horjiontal— Steam  and  Water  Drums  Horizontal 
—Straight -Tube— Single -Tube— Sectional. 


licHtos   tlml   lilt'    Hoot  \ 


11w  ftl)ov.-  I.ri.-f  outline    ill 
18,  in  it»  main  feaiiires,  li 
the  ditTerencti  ia  in  diUai! 
instmction  only.     V'l^.  4») 

B  thi'  gencml   ftji[)eariiiii'e 
a  fiart  of  tin-  hrivkwork 

lOVt-d.    ItM-ill  be  seen  lliat 
is  a  largw  BtfHin  dnini 

I  typ^)  Rt  th»  top  in  addi- 

to  the  fiin&ll  steam  and 

r  drum  over  eaeh  section. 

Construction.  The  Uuut 
T-tiilie  boiler  ie  coinjiotied 
■iufh  lap-wekled  wronght- 
,  tnbes.  Tiiese  tnbeti  are 
Atlod  intu  cast  iron  lieuiieri^ 
mA,Ki(!.l.-,.    Av,r- 

Section  is  forinetj  hy  jjlac 
titiH  pair  n|ion  another  m 

natB.  Fif;.45.     One  lnl.e 

di  pair  is  connected  u<nw 

lit  Iiya  flexible  bend.  \,\ 

s  of  which  IH  obtaiiie<l  iiti 
iterrilptwl  circulation  from 
bottom  t<i  the  lop  of  the 
A   iiielallic    paekini^ 

(aee  V,  \).  iind  E.  Fig.  4^)  ineares  a  tight  joint  tetween  the 

aud  till?  header.     K,  Fig.  45,  shows  an  enlarged  end  of  a  l>end. 


EO 
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To  form  tbti  boiler  oc veml  of  llifw  vertical  BecUons  urv  pine 
aide  by  side.     These  vertical  rows  ure  not  rigidly  conneftvd  bwiinM'l 
tbe  lower  tubes  heincr  ripflivrfhc  tirp  eypnnd  more  than  those  altovf 


Circulation.     Each  station  baa  its  overhead  drniii  into  whi< 
the  wattT  and  steam  is  discharged  from  th«  liilwe.     At  tbe 
of  tbu  Imiler  and  at  tbe  end  of  each  titnam  and  water  drum,  a  v-^ 
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deal  pipe  leads  to  a  cross  drum  beneath;  this  drum  is  a  common 
reservoir  for  all  the  sections.  The  feed  water  enters  this  drum 
and  meets  the  hot  water  coming  from  above.  The  mixing  of  the 
water  results  in  a  temperature  which  prevents  any  trouble  from 
unequal  expansion.  The  cross  drum  (reservoir)  is  also  connected 
by  vertical  pipes  to  another  drum  which  is  below  and  j:)arallel  to 
it;  this  is  the  mud  drum.  From  the  feed  reservoir,  the  mixture 
of  feed  and  circulating  water  descends  to  the  mud  drum  in  which 
the  solid  impurities  are  left.  The  circulating  water  then  flows 
from  the  top  of  the  mud  drum  into  the  lower  end  of  the  tubes. 
As  these  tubes  are  surrounded  by  hot  gases,  the  water  becomes 
heated  and  rises  through  the  tubes  to'the  steam  and  water  drums. 
This  heated  water  contains  bubbles  of  steam  which  leave  the  water 
and  collect  in  the  steam  drum.  The  water  flows  through  the  steam 
and  water  drum  and  descends  to  meet  the  entering  feed  water.  The 
water  level  is  at  about  the  middle  of  the  steam  and  water  drums. 

The  hot  gases  from  the  fire  pass  among  the  tubes  three  times  in 
practically  the  same  manner  as  in  the  Eabcock  and  Wilcox  l)oiler. 

WORTHINQTON. 

Water  Tabes  Nearly  Horizontal— Steam  and  Water  Drum  Horizontal 

—Strals:lit-Tube—Slns:le-Tube— Sectional. 

Construction.  This  form  of  boiler  is  much  the  same  in  prin- 
ciple and  operation  as  the  Babcock  &  Wilcox  boiler,  but  the  parts 
^r-«  differently  proportioned  and  arranged;  see  Fig.  47.  The  fur- 
k^^ce  extends  under  the  entire  boiler,  and  the  tubes  are  set  over  it 
lose  t(^ther  in  oppositely  inclined  series.  No  flame  walls  or 
*uifle  plates  are  used. 

Boilers  up  to  125  H.  P.  are  usually  made  to  lire  at  tlie  end  as 

't'own   in  Fig.  47,  in  which  the   tubes  extend  across  tlie   furnace 

'^it^wed  from  the  front,  and  the  steam  and  water  drum  is  at  ritrht 

*>^gle8  to  the  tubes.     In    the   ^'nle-fn-d  boilers  tlie  tubt»8  extend 

^^om  front  to  back,    and  the  steam  and   water  drum  from  side 

^o  side;  this  arrangement  is  better  adapted  for  large  nnits  and  foV 

^tting  in  battery.     The  tubes  of  each  vertical  row  are  expanded 

^'i to  straight  headers  which  contain  seven  or  eight  tubes.     See  Fig. 

*^-    Opposite  each   tube  is  a  hand   hole.     These   headers   are  ar- 

^nged  close  together,  forming  the  boiler  enclosure. 


mi 
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Circulation,  The  feed  water  enters  the  steam  and  water  drum 
and  the  circulation  carries  it  down  to  the  mud  drums  through 
lai^  circulating  tubes  which  are  outside  of  the  furnace.  See  Fig. 
48.  From  the  nind  drum  it  enters  the  lower  series  of  headers  and 
rises  throogb  the  inclined  tubes  over  the  fire  into  the  ii|>[)er  headers. 


Fig.  48. 


The  water  now  containing  bubbles  of  Htcitrii  enters  tin-  sU-iun  Hiid 
water  drum  by  means  of  short  tubes  shown  in  Figs.  -47  hihI  4h. 

The  covering  for  this  boiler  is  nn  iron  casing,  no  brit-k  l>eirig 
nsed  except  to  em^lose  or  line  thv  fnrnatf. 

HEINE. 
Water  Tub«»  Nearly  Horizontal— Steam  and  Water  Drum  Parallel  to 

Tubes— Straight-Tube— SInKle-Tube— Non-Sectional. 

Construction.  Tlie  Heine  wiiter-luhe  luller  is  not  :t  sectional 
boiler.  Instead  of  lieing  exiuinded  into  small  lu-inlfrs  gi'ini[H-<l  to 
form  H  twiler,  all  the  tnl>es  tire  expumled   into  llie  inside   pliites  of 
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a  water  leg  at  each  end.  The  constrnction  of  this  water  leg  is 
shown  in  Fig.  50.  It  is  composed  of  two  parallel  plates  flanged 
and  riveted  to  a  butt  strap.  The  plates  are  strengthened  by  short 
hollow  screw  stays  similar  to  those  used  in  the  water-leg  construc- 
tion of  fire-box  boilers.  At  the  top,  the  water  leg  is  curved  and 
joined  to  the  steam  and  water  drum  by  riveting.  Opposite  each 
tube  is  a  hand  hole  for  cleaning  or  replacing  a  defective  tube. 

Circulation.  The  feed  water  enters  at  the  front  of  the  steam 
and  water  drum  and  flows  into  the  mud  drum  D,  from  which  it 
losses  to  the  rear  header  with  much  less  velocity.  The  water  is 
warmed  while  j^assing  through  the  pipe  leading  to  the  mud  drum, 
and  as  it  flows  slowly  through 
the  mud  drum  it  deposits  its 
Sediment.  The  accumulated 
sediment  is  blown  off  by 
means  of  the  blow -off  pipe 
N.    The  water,  as  it  becomes 

heated   in    the   mud    drum, 

rises  and  j)asses  to  the  front 

of  the  mud  drum,  from  which 

it  flows    in  a  thin    sheet  to 

the  rear  of   the    steam    and 

Avater  drum  and  to  the   rear 

iK'ater  leg.     From    the    rear 

'water  leg,  it  enters  the  tubes 

in  which  it  is  partially  converted  into  steam.  The  mixture  of 
steam  and  water  enters  the  higher  end  of  the  drum  from  the 
water  leg,  and  as  there  is  but  a  thin  layer  of  water  in  the  steam  and 
water  drum,  the  steam  readily  rises  through  it.  A  deflection  plate 
prevents  water  from  being  carried  to  the  perforated  steam  pipe  A. 
The  flow  of  hot  gases  from  the  Are  is  directed  by  light  tile 
placed  on  the  upper  and  lower  rows  of  tubes  as  shown  in  Fig.  51. 
The  hot  gases  flow  nearly  parallel  with  the  tubes  instead  of  across 
*hem  as  in  the  Babcock  and  Wilcox. 

ATLAS. 

Water  Tubes    Nearly    Horizontal — Steam    and    Water    Drums  (Cross 
Type)   Horizontal— Straight-Tube— Single-Tube— Non-Sectional. 

This  make  of  water-tube  boiler  does  not  need  a  full  descrip- 
tion as  Figs.  52  and  53  show  both  the  general  arrangement  of 


Fig.  50. 
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lartB  and  the  details  of  water-leg  construction.  The  general  de- 
riptioii  of  the  Ileiue  boiler  is  applicable  to  this  type-  A  few 
loiuts  of  difference,  however,  should  be  pointed  out. 

Tliere  are  throe  drums  running  crosswise   the   tnl)e8.     The 

ttnt  and  rear  drums  are  made  of  the  same  plates  as   the  water 

This  ia  shown   in   the  illustratiuus.     The  reasons  for  this 

blvlbot)  of  construction  are  that  it  givea  a  ■■  throat "  area  of  ahont 

'   per  eent  of  the  area  of   the   leg   and   prevents  all  seams  from 


EOiiiing  in  contact  with  the  fi 

cteil  on    ihu   wmrr 

But^  by  equalising   tulieti. 

I   the  ruar  dnilii.  a  wnler 

irifier  receivea  the   f>-ed 

rmter  which  passes  dinvn 

r  leg,  then  tbroui;h 

;  tubes  to  the  front  leg. 

,   the  last  portion  of  the 

nbes,  lum-b  of  the  water  i.-t 

!on verted  into  steatii  whi<.-h 

I  through    the   front 

Bram  and  the  superheating 

IbWb  to  the  small   upjHT 

pruiii.     Tlie  water   flows 

itrongb  the  etjuali 

Enbefl  to  the  rear  drum 

ina  the  current  of  feed 


The  two  drums  are 


"M 


The   front  drum   is 
pa<le  36  inches   in  diameter,  the  middle  drum  24  inches,  and  the 
ardmm  42  inches.     Tlie  tulies  are  4  inehes  iu  diameter  and  the 

OKentare  IH  feet  in  tentlth. 

nostiER. 

Vater  Tubes  Nearly  Horizontal— Steam  and  Water  Drums  iCros« 
Typei)  Horlxontal— Curved-Tube— Single-Tube— Non-Sectionat. 

The  chief  differences  in  ii]i]warance  lietween  this  boiler  and 
already  described  are  shorter  tubes,  making  a  more  compact 
^iler,  and  the  curved  tubes.     This  type  ia  more  often    used  in 
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mariiitf  than  in  statiuuarj'  work.  The  boiler  coiisisCs  of  a  larga 
st<!uiii  »nrl  water  drum  conaected  to  a  smaller  water  drum  by 
slightly  curved  tiiViee.  The  steam  drum  is  Biipjwrted  by  two  large 
i-irenlatiiig  pipes  (one  at  each  end)  which  are  connected  by  other 
pipes  to  ihe  water  drnm.     Thns  the  circnlation  is  down  these  pipeB 


"i  along  the  pi|<e  at  the  bottom  (see  Fig,  55),  up  to  the  water 
rum  and  from  thence  to  the  steam  drnm  by  the  tubes  which  are 
tact  with  tlie  hot  gases. 


Fig.   0-1,  consists  of  two 
The  parallel  doited  lines  in  the 


Tile   feed-water    heater,  i 

'""ll  liruins  connected  by  tubes 

'■-am  dram  of  Fig.  5-1  show  how 

"'"^are  removed  and   replaced. 
'^-■15  shows  the  row  of  pings  for 

'•'*  purpose.     These  plugs  are 

'"J«rat«l  in  Fig.  5(i.     Eiwli  phig 

'  ^conical-headed  Iwlt,  having  a 

^Ti  piece  of  copper  tube,  a  pj^,  .■vi. 

^  ■         id  a  nut.     The   conical 

dind  the  copper  tube  are  inserte<l  in  the  hole  until  the  washer 
■>  contact  with  thu  onler  anrface  of  the  drum.  The  nut  is  then 
'*«!  op,  thereby  flaring  the  end  of  the  copper  tubing  as  shown. 
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The  Bteam  preaeure  on  the  conical  head  iDcreases  the  tigLtnees  of 
tlie  joint. 

THORNVCROFT-nARSHALL. 

Water  Tubes  Nearly  Horizontal— Steam  and  Water  Drum  (Cross 

Type)  Horizoirtal— Curved-Tube— Slngfe-Tube—Non-SecUonal. 

The  Thorn ycroft-Marehall  non-sectional  boiler  consists  of  a 
large  horizontal  steam  and  water  drum,  a  vertical  water  box  or 
header,  and  the  generating  tubes.  Like  the  Mosher,  the  tubes  are 
curved  slightly,  but  the  header  is  a  distinct  differeucu. 

The  general  features  of  construction  are  shown  in  Fig.  57. 
The  steam  and  water  drnm,  sometimes  called  the  separator  barrel, 
is  simply  a  cylinder  with 
diebed  ends.   The  water  level 
ia  about  one-third  the  diam. 
cter  of  the  cylinder.     The 
tubes,  which  are  3^  inches  in 
diameter,  are  connected   in 
paim  to  a  junction  box   at 
one  end  and  to  a  water  box 
or  header  at  the  other  end. 
IlinHeach  pair  forms  a  unit, 
l»ut  the  two  tubes  of  the  unit 
«re  not  in  the  same  vertical 
Jilane.     The  upper  tube  en- 
t.«>rB  the  lieader  as  higli    as 
J  Kissible  and  the   lowtr  ones 
*:^nter    low  down,  thna  giving  considerable  upward  slojte.     From 
Hear  the  top  of  the  water  box,  three  rows  of  tubes  lead  to  the  sep- 
arator barrel  aa  shown  in  Fig,  5S.     The  water  box  ia  very  simple, 
the  Hat  plates  are  staved  by  short  hollow  screw  stay-bolts.     The 
junction  boxes  are  not  restrained  in  any  way;  this  constniction, 
<.-ombined  with  the  alight  curve  of  the  tubes,  allows  free  expan- 
sion.     The  slight  curve  also  allows  the  tubes  to  enter  the  separator 
liarrel  and  the  water  box  at   right  angles  so  that  they  may   be 
expanded  in  place. 

Circulation.  The  feed  water  enters  the  steam  and  water  drnm 
and  then  passes  to  the  water  box  through  the  two  lower  sets  of  tubes. 
See  Fig.  58.     The  water  enters  the  lower  ends  of  the  various  pairs 
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of  tubes,  as  shown  in  Fig.  58,  and  rises  in  the  tubes  while  in  con 
tact  with  the  hot  gases  from  the  furnace.  The  mixture  of  steam 
and  hot  water  then  enters  the  header  from  which  it  passes  to  the 
steam  and  water  drum  by  means  of  the  highest  row  of  tubes.  The 
difference  in  height  of  the  two  tubes  6f  a  unit  insures  good  circu- 
lation. A  baffle  plate  prevents  the  water  from  splashing  to  the 
steam  pipe. 

The  hot  gases  pass  upward  among  the  tul)es  which  cross  so 
frequently  that  they  take  almost  all  the  heat  from  them. 

NICLAUSSE. 

Water  Tubes  Nearly  Horizontal— Steam  Drum  Horizontal—Straight- 

Tube — Double-Tube— Sectional. 

This  boiler  differs  essentially  from  those  already  described  in 
that  it  is  of  the  dauhle-tube  type.  In  general,  it  consists  of  a 
number  of  elements  which  form  a  vertical  header,  to  which  tubes 
are  connected.  The  tubes  are  set  at  an  angle  of  about  6  degrees 
to  the  horizontal.  Above  the  elements  is  a  transverse  steam  and 
water  drum  which  is  in  communication  with  the  headers.  The 
general  arrangement  of  parts  is  shown  in  Fig.  59. 

Construction.     The  interesting  features  of  this  type  of  boiler 


Fig.  60. 

*i^  the  design  and  construction  of  the  tubes  and  headers.  To 
iiicrease  the  circulation  the  principle  of  the  '* Field"  tube  is  em- 
ployed. In  this  construction,  the  outer,  or  generating,  tubes  (3^ 
inches  in  diameter)  are  closed  at  one  end.  Each  generating  tube 
coDtains  an  inner  circulating  tube  which  is  1\^  inches  in  diameter. 
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This  tube  is  open  at  huth  endp.  The  t^'Iosed  endn  of  lb«  generating 
tubes  are  supported  by  resting  in  Loles  iq  a  pikte  or  rack  at  the  rear 
of  the  boiler.  The  forward  end  of  the  circnkting  tube  is  attached 
to  a  cap  which  screws  into  the  onter  end  of  the  generating  tube.  A 
recess  in  thiscapprovidesa  bearing  for  an  arch  bar  which  spans  two 
tubes,  keeps  them  in  place,  and  is  itself  secured  by  a  nut  on  a  bolt 
which  is  screwed  into  the  header.     See  Fig.  60. 

The  front  end  of  the  generating 
tultes  is  of  peculiar  shape.     To 
allow  the  water  to  enter  the  circu- 
lating  tubes,   aud    to   festeu  the 
tubes  to  the  header  without  ex- 
panding   them,   each    generating 
tube  is  provided  at  the  open  eud 
with  two  cone-shaped  portions; 
these  are  about  eight  inches  apart. 
Tlie  first  cone  fits  into    a   taper 
hole  flanged  outward  in  the  front, 
face  of  the  header,  and  the  sec— 
ond  cone  fits  a  similar  hole  in  th€=^ 
rear  face  of  the  header.     Both  tb^^ 
holes   and    tubes   are  ground   ti«=> 
t)ie  same  size  and  taper.     Aboia^  t 
midway    between   the   cones,       «i. 
third  exjMnded   portion  occopi^^s 
the  tnlie  hole  in   the  diaphrag^^n 
oriniddleplftteof theheader.   S  mj»*3 
Fig.  00.     The  portion  of  the  tu  "*>« 
within  the  header   is  called  t-^Iie 
■-lantern".      At  this  point  tie 
tube  is  cut  away  so  that  water  rr:M.a,j 
freely  enter  the  tube,  the  openiw^gs 
III  Fig.  t)0,  the  upper  tube  is  in  its  laor- 
iiial  position,  but  the  lower  tube  has  been    turned    through      ffO 
degrees  to  show  the  construction. 

To  stand  high  ateani  pressures,  the  elements  of  the  headers 
are  made  of  wrought  steel  and  are  sinuous  in  shape.  Fig.  61 
shows  the  shape  of  the  header  and   the  positions  of  the  tnbes> 
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Kach  element  contains   24  tiil)eft  in   two  vertical   rows  of  12  eacli 
In  the  middle  of  the  headers,  there  is  a  diaphragm  for  dividing 
the  interior.     The  front  passage  nerves  as  a  '*downcomer''  for  the 
water,  and  the  rear  is  the  'Mipeomer"',  or  riser,  for  the  mixture  of 
steam  and  water. 

The  lower  ends  of  the  headers  are  dosed,  and  the  upj)er  ends 
tlanged  to  connect  with  the  steam  and  water  drum,  which  is  4i 
inches  in  diameter. 

Circulation.  Fig.  i)0  gives  an  idea  of  the  direction  of  cir 
culation.  Water  from  the  drum  descends  in  the  front  compart- 
ment of  the  header,  flows  into  the  circulating  tubes,  frftlrk 
rommnnicate  with  the  front  rompartinent  />w/y,  and  after  flowing 
the  length  of  the  circulating  tubes,  enters  the  generating  tul)es. 
The  water  then  comes  back  through  the  annular  spaces  in  the  gen- 
erating tubes  to  the  rear  compartment  of  the  header,  because  the 
ffrntnit'tntj  tffhtM  nnniinin'irafi  trlth  the  rt*ar  comp(frtntetit  onhj: 
while  in  the  annular  space  it  is  |)artially  evaporated.  The  raixtnre 
of  steam  and  water  then  rises  to  the  drum. 

VERTICAL  WATER-TUBE  BOILERS. 

WiCKBS. 
Water  Tubes  Vertical— Straisht-l'ube^Singie-Tube— Non-Sectional. 

Let  us  now  consider  a  water- tube  boiler  havincr  vertical  i\\\^' 
Fig.  02  showg  the  general  arrangement  of  the  parts  of  the  Wickef^ 
vertical  water-tulH*  boiler.  At  the  top  is  a  cylindrical  steam  and 
water  drum  into  which  the  npj)er  ends  of  the  vertical  tubes  are 
expanded.  At  the  bottom  is  a  cylindrical  mud  drum  of  the  same 
diameter  as  the  uj)j>er  drum.  The  tul)es  are  straight  and  plnmb 
when  in  position;  they  are  arranged  in  parallel  rows  with  a  clear 
sjjace  between  rows  to  admit  a  small  hoe  to  remove  any  soot  that 
may  accumulate  on  the  tube  sheet  of  the  mud  drum. 

The  tubes  are  divided  into  two  compartments  by  heavy  fiw- 
brick  tile.  The  tul>e8  in  the  section  next  the  furnace  are  called 
'*  risers'';  those  in  the  rear  are  the  '*  downcomers,"  because  the 
heated  water  rises  to  the  steam  drum  through  the  front  tubes,  and 
the  cooler  water  flows  down  those  in  the  rear.  The  feed  water  is 
introduced   into  the  upper  drum.     The  direction  of  flow  of  hot 
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is  the  same  as  that  of  the  water.     A  baffle  plate  in  the  steam 
ater  drum  directs  the  water  to  the  downcomers. 
Che  furnace  is  external  and  built  entirely  of  brick.     The  hot 
from  the  fire  come  in  contact  with  the  tubes  without  passing 
yh  a  combustion  chamber. 

CAHALL. 

■lar  Steam  and  Water  Drum— Water  Tubes  Vertical— Strais^ht- 
Tube—Sins^le-Tube— Non-Sectional. 

!lie  Cahall  vertical  water- tube  boiler  consists  of  an  annular 
and  water  drum,  a  cylindrical  mud  drum,  and  4-inch  vertical 
The  generating  tubes  connect  these  two  drums  and  are 
I  within  the  brick  setting.  An  external  circulating  pip^  also 
Bts  the  two  drums.  As  this  pipe  is  filled  with  comfmratively 
rater  and  the  generating  tubes  with  a  mixture  of  hot  water 
team,  the  circulation  is  jK)sitive  and  rapid.     The  feed  water 

the  steam  and  water  drum,  flows  down  the  external  pipe  to 
ud  drum  and  then  rises  in  the  generating  tubes  to  the  steam 
ater  drum. 

lie  fire  is  in  a  brick  furnace  at  one  side  of  the  boiler  as 
I  in  Fig.  fiy.  The  hot  gases  rise  among  the  tubes.  The  an- 
form  of  the  steam  drum  u^akes  the  central  space  conical;  in 
pace  several  deflecting  plates,  or  battles,  cause  the  hot  gases  to 
►ut  among  the  tubes.  After  heating  the  water  in  the  tubes 
ot  gases  pass  through   the  opening  in  the  steam  and  water 

coming  in  contact  with  the  metal  containing  the  steam 
horoughly  dries  the  steam  and  in  many  cases  slightly  sujR^r 
it. 

Phe  steam  drum  and  also  the  mud  drum  are  ecjuipped  with 
inrr  manheads.  The  steam  drum  also  has  several  handholes 
e  in  removing  and  replacing  tubes. 

STIRLING. 

'  Tubes  Nearly  Vertical— Steam  and  Water  Drums  Horizontal— 
Curved-Tubes — Slns^le-Tube — Non -Sectional. 

The  Stirling  boiler,  shown  in  Kig.  04,  consists  of  three  cylin- 

steam  and  water  drums  at  tlu^  top,  and  a  mud  drum  at  the 

n.     The  lower  drum    is  connected   to  the  up}K»r  drums  by 
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three  sets  of  tubes  which  are  curved  slightly  at  the  ends.  The 
curved  tubes  alluw  for  expansion  and  make  it  possible  to  have  the 
tubes  enter  the  drums  radially. 

The  feed  water  enters  the  rear  steam  and  water  drum  and 
coming  in  contact  with  the  hot  gases  just  before  they  enter  the 
uptake,  becomes  gradually  warmed.  This  heating  causes  most  of 
the  sediment  to  fall  to  the  mud  drum  from  which  it  may  be  blown 
out  at  intervals.  The  mud  drum  is  protected  from  the  intense 
heat  of  the  furnace  by  the  bridge  wall. 

Each  set  of  tubes  are  separated  from  the  others  by  {)artition 
walls  or  baflBes  of  fire-brick  tile  so  that  the  gases  from  the  furnace 
pass  along  the  entire  length  among  the  tirst  set  of  tubes;  they  are 
then  guided  downward  among  the  second  set  and  after  rising  again 
among  the  tubes  of  the  third  set,  escape  to  the  chimney.  By  thus 
having  a  long  {)assage  a  large  proportion  of  the  heat  is  taken  from 
the  gases  before  they  go  to  the  chimney.  The  fire-brick  arch  just 
above  the  furnace  insures  an  even  distribution  of  the  gases  and 
[)romotes  combustion ;  the  arch  heats  the  entering  air  to  a  high 
temperature,  thus  reducing  the  liability  of  chilling  the  tubes  by  an 
inrush  of  cold  air. 

Steam  is  taken  from  the  middle  drum  which  is  set  a  little 
higher  than  the  others  in  order  to  obtain  more  steam  space  and 
drier  steam.  The  boiler  is  surrounded  on  the  rear  and  two  sides 
by  the  brick  setting;  the  front  is  of  cast  iron  or  of  pressed  steel. 
Numerous  openings  in  the  brickwork  allow  entrance  for  cleaning. 

This  type  of  boiler  is  flexible  and  adapted  to  cramped  places 
as  it  can  be  made  broad  with  little  heitjht  or  high  with  small  flo(»r 
area.  All  parts  are  either  cylindrical  or  spherical  in  shape  and  of 
wrought  metal.  The  curved  tuljes  reduce  the  strains  resulting 
from  unequal  ex[)ansion  and  contraction. 

MILNE. 

Water  Tubes   Vertical— Steam  and  Water  Drum  Horizontal — Curved*. 

Tube— Single-Tube— Non-5ectional. 

This  boiler  (Fig.  05)  is  in  many  respects  similar  to  the  Stirliim  ^ 
(Fig.  (54),  but  an   insjxiction   of  the  two  illustrations  will  shc^^**' 
several  differences.      In   the  Milne  boiler  there  is  but  one  stea-iii 
and  water  drum  and  the  tubes  are  vertical  with  a  slight  curve  sC 
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1  ends.  The  hot  gases  are  guided  by  division  plates  or  tile  bo 
it  they  traverse  65  feet  of  tube-heating  surface  before  tbey  enter 
)  flue.  The  tubes,  being  vertical,  do  not  become  covered  with 
e  aeb,  nor  do  they  ^become  clogged  >*-itli  sediment  and  scale. 

Circulation.  The  feed  water  entem  the  row  of  tubes  at  the 
:reme  left  and  flows  downward  to  the  mud  driiiii.  It  then  rises 
it  becomes  heated  in  the  hoteat  generating  tubes  and  enters  the 
am  dnim  as  steam  and  water.  This  method  of  feeding  keeps 
i  cold  feed  water  out  of  the  steani  drum,  and  as  the  cold  tubes 
staining  the  feed  are  placed  in  the  path  of  the  escaping  gases, 
t  little  heat  escapes  to  the  chimney, 

PECULIAR  FORMS. 

HAZELTON  OR  IK)RCUPINE. 

Water  Tubes  Horizontal— Steam  and  Water  Drum  Vertical— 
Stralsht-Tube— Slnsle-Tube. 

The  Ilazelton  water-tube  boiler  differs  in  many  ways  from 


e  l)oilers  thus  far  described. 


FiK-  67. 


Like  most  water-tube  boilei 

consists  of  a  steam  and  watei- 
drum  and  water  tubes,  but 
the  central  Etandpi]>e  is  ver- 
tical and  the  short  horizon- 
tal tubes  radiate  from  the 
central  drum.  According  to 
our  class itication  it  is  not  a 
vertical  water-tul>e  Itoiler  be- 
cause the  tulies  are  horizon. 
tal,alBo,  it  is  nut  a  horizontal 
boiler  as  in  general  apjwjar. 
anc*  it  is  vertical. 

The  grille  iri  circular  and 

formed    ariiuud    the  central 

mn   fuundution.      Above  the 

id  is  the 


'•H  which  rests  on  a  circular  cast 

^te,  the  central  drum  forms  part  of  the  heating  surfaci 

'Sill  reservoir;  below  the  grate  it  is  the  mud  drum,  which  iuayl)e 

^^red  by  means  of  a  manlioh' just  lielow  tlie  grate.     As  shown 


'  Viir.  6(i,  the  stiindi 


|up 


alK.vo  the  lir 


IS   provii 


*V«.    The  appearance  of  these  tubes  gives  the  iiai 


•■jwi-cujuni 
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Tile  staiidpi[M:!  ia  aliout  tliivu  twt  in  diameter  fur  Urgu 
boilers.  The  tul>e8  art<  about  four  iiK'hes  in  diameter,  and  two 
and  ime-balf  feet  lon^,  the  niiiiit)er  varying  with  th«  caj)acity  of 
the  boiler.  Tlie  enter  ends  of  the  tultea  are  cloued  and  lieiiiis- 
liherical,  and  the  inner  ends  expanded  into  the  standpipe.  Tfaeite 
tubes  are  free  to  ex|>aiid  and  contract  without  bringiiij^  any  strain 
on  the  boiler. 

Steam  is  taken  from  the  top  of  the  central  drum.  Tu  get  dr^' 
steam,  small  pi|ie8  are  inserted  as  shown  in  Fig.  67.  TLu  steam 
(HiHses  np  into  the  small  tiilw  at  the  top  of  the  standpipe  and 
then  thron^h  the  Biiiall  ])i[)es  to  the  ends  of  the  generating  tubex. 
It  then  tlowH  lm<-k  throngh  thegt!nunitingtul>e8  to  the  annular  spacf 
and  from  thence  to  the  steam  pjK'.     The  feed  pipe  enters  the  mud 


drum  Hiid  i-xtcndu  npwanl  nearly  to  the  water  line;  it  then  retiirf^ 

nearly  to  the  levfl  (if  the  grale,  terminaling  in  a  spraying  nozz'**- 

Tliis   tyjie  of  biiiler  may   l>e  eiichised    in  a    briek  setting     *■■=' 

shown  in  Kijr.  W  nr  l.y  a  shift  sitvl  covering  lined  with  tire  britr^- 


HARRISON. 

Sectional     Hollow  Cast-iron  Spheres  Insteatl  of  Tubes. 

All  iHiilers  llin^  f<ir  des.-nlx-^l  hav,.  employed  tnlieH  H<taniea.>>^ 
of  dividing  the  wttter  into  small  maoKt-D  in  onler  Ut  make  llie  lit**'' 
ing  surfaces  more  effective.      In    the  Harrison  Safety  iluiler  iKif^- 
011^  tulieu  are  not  used;  instead,  the  water  ie  contained  in  boll^*^' 
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ist-iruii  Bpheres,  trailed  unite.  Tht-st)  iiDits,  see  Fig.  68,  are 
rniu^fKl  iu  vertical  rows,  called  slabs,  whtcli  ure  Euspeodi^  side 
_V  side,  about  out-  inch  apart,  from  an  iron  framework.  The 
rickwork  setting  is  merely  a  covering  to  keep  the  hot  gases  in 
uQtact  with  the  units;  it  does  not  support  the  hoiler,  and  (.-hii  be 
Iwa-d  -vritboiit  disturliiii.r  ihi-  units. 


The   use  of   iii.ita    iii    plac-  of  tui«-s   rotj.lHn.-.   j-reut   tilrelifrlb 
li  large  heating  surface.     They  are  strong  l*e<.-iiuse  sitiall  anil 
rical  and  on  account  of  the  division  of  the  water  into  smal! 
,  the  heating  surface  is  effective.     The  units  are  held  to- 
ller by  long  bolts  which  pass  tlirougli  the  centers  as  shown  in 
p"-  08.     The  machined  faces  make  a  steam-tight  joint  without 
king.     This  boiler  requires  the  same  fittings  as  other  ijoilers. 
I  The  great  advantage  of  this  boiler  is  safety.     From  the  con- 
Iction,  it  is  apparent  that  rupture  cannot  e.^tend  beyond   the 
J  thtis  disastrous  explosions  cannot  occur.     They  are  claimed 
)  durable,  economical,  rapid   steamers,  aud   easily  handled, 
apacity  can  be  increased  by  merely  adding  more  slabs. 
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FURNACES. 


ul  (IftiLil  with  the  tyito  of 


and; 

I- 


The  furnace  varies  in  shajM-,  s' 

le  kiiiil  of  fut'l.  It  eonsiatii  uf  a  liifiuth  jiiet'C  witli 
il.Mirs,  gniU'  luirs,  bridfje  and  ash-pit;  some  fiirniM^es  hitve  speciul 
amingemeiibi  for  the  i-emovitl  of  ashes,  clinkera,  «tc.,  for  cleaning 
and  for  BHioke  jireveiitlon.  There  are  Bomo  general  conditions 
Lhat  every  funihre  should  have,  in  order  that  tJie  highest  efticiency 
Ije  iittiuiic'l.  Thi'iv  sliiiiild  Iw  ii  nnifunii  iinrl  abundant  supply  of 
iiir  to  the  iiuder  side  of  the  grate.  This  is  i!;wily  oativiiied  in  moat 
funiaura;  I'Xccptiojis  being  the  Cornish,  Liuicnshire,  Retnru  Tube 
and  Scotch  Marine  boilei-s,  since  they  arc  internally  fired. 

WliCiL  smoky  fuels  ant  nai-d  a  small  amount  of  air  is  necessary 

I  the  snrfare  of  tlie  ciwi!.  for  a  fmv  minutes  after  firing.     Thia 

r  ifl  generally  supplied  through  a  grid  or  draft  plate  iu  the  fire 

door.       As   the    air  thiu  admitted  is   iLsually  cold,   the   amount 

must  be  small  I'l  prevent  cooling  of  the  funiaee  and  checking  of 

MBpfubuKtion. 

Hk  In  onier  fo  prevent  radiation,  many  boilere  have  a  large  cast 
^H^  for  a  famace  front.  In  the  rase  of  an  intenially  fired  boiler, 
^thja  cant^g  conceals  the  rings  of  rivets  whicli  join  the  flues  to  the 
end  plates.  A  nuvss  of  brickwork  at  the  front  uf  the  Iwiler  is  likely 
to  keep  moi«tnre  in  contact  with  the  end  plate,  and  conceal  out- 
[  Imlging,  due  to  defective  stays  or  plates ;  and  is  likely  to 
a  corrosion.  A  coating  of  uim-i'iindncting  material  wlncli  can 
pily  be  removed  is  preferabte.  The  furnace  should  be  so 
uiged  a.s  to  allow  Complete  Combustion,  In  an  externally  fn-cd 
tcr,  this  iH  done  by  making  the  space  above  the  fire  sufficient  to 
r  the  gases  to  become  completely  bunie  1.  The  average  di»- 
t.ince  Itctween  tho  grate  Ixira  and  crown  sheet  is  usually  about 
tno  feet.  If  tlie  distance  is  incresised,  some  of  the  effect  of  the 
;  if  the  distance  is  small,  the  plates  are  likely  to  be 
id   the  oorobiuitiou  impaired-     Iu  tlie  internally  fired 
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boiler,  the  combustion  and  radiating  spaces  are  often  sacrificed  for 
a  large  grate  area.     If  the  bars  are  placed  too  high,  the  combus- 
tion chamber  must  be  used  in  order  to  insure  complete  combustion. 
The  locomotive  crown  sheet  is  from  four  to  six  feet  above  the 

grate  bars. 

The  Furnace  Door  is  usually  of  cast  iron  and  is  supplied  with 

a  circular  or  sliding  draft  phite  wliich  admits  air  to  the  top  of  the 

fire.     It  is  usually  protected  by  a  perforated  Avrought  iron  plate, 

bolted  to  the  casting,  an  air  space  of  two  or  three  inches  being 

allowed. 

Qrate.     Gmtes   should  not  be  larger  than  the  fireman  can 

conveniently  clean  and  fire.    A  r.arrow  grate  should  not  be  as  long 

as  a  wide  one,  and  if  it  is  moi-e  than  four  feet  wide  two  furnace 

dck)rs  should  l)e  used.     The  grates  are  often  inclined  slightly  to 

aid  in  firing  and  in  order  that  tlie  space  above  and   l>elow  may 

be  used  to  the  best  advantage. 

The  Qrate  Bars  are  usually  made  of  cast  iron,  as  this  material 

is  cheap  and  in  most  instjinces  lasts  jis  well  as  wrought  iron.     They 

are  made  in  various  forms,  ac^cording  to  the  fuel  and  shape  of  the 


fire-l)ox.     Fig.  1  shows  a  few  common  shape^s.     The  one  shown 
V  is  for  a  circular  grate  in  a  vertical  l»oiler,  N  is  called  the  herrii 
bone  grate,  M,  the  form  usf^d  for  burning  wood  and  saw-dust,  a! 
O  is  the  ordinary  form. 


i 


I  ] IP rf orations,  or  nil'  siwiccs,  imist  ]m 

10  tji  -.0  }<fi  rpnt    rt    tliP   h  tal   niea 

siialh  tmt(]p  n[    of  |iiuall<  1  ^  ani  and 

ll^     IK  il  jN  likplj   t     lupak 


rJ 


^ 


Fig,  2. 


If  finr  [.wl  is  uti'd.  tim 
kail;  thf  area  \ar\mg  fre 
the  j;nit*        Tli     gratp  is 
DiiM  nrrirU    midi    in  <ine  wiilid 
till  1-XJUI11MOII  stinuis        r\n  Ikiiv  ■ 
tbe  mon  llmii  three  ft  1 1  luii^  mid  slioiiM 
thiiinff  dt  Mip  bottom   thBii    it  thi  tcj 
order  that   the  ipartn   iiii>    ifiimiii    the 
me,  fvi'ii  ftfu  r  the  toji  siirfm  es  hiM-  h. 
mp  worn.  tlie\    arc  iiiadt  thi  saiin  thuk 
§s  for  aliout  J  of  an  inch  fmni    tlip   to[ 
irH  having  a  spction  like  thoKp  shown  m 
g.  2  yivt'  ffHid  ivBults.     'I'hey  an-  iibotit 
r''P  inches  dpep  in  thp  middlp  and  havf 
Itaiice  pipci's  iit  thp  fciitpi'  sis  at  the  ends, 
prpvent  twistinfj.      The  air  spaces  ai-e 
HUt  J  inrh  wiili-.    If  the  coal  is  anthracitp, 
lioh  hn'ak»  n)>,  the    spaceK  should  be  as 
udl  as  tlie  <lri.ft  will  iH-miit ;  if  l.itiiniiiioii«.  or  a  <oal  tl 
Dsidernbly.  tlic  s{>aces  may  lie  made  larger. 

In  order  to  facilitate  haiiilling,  they  ai*  often  east  i 
■o  or  more,  and  whi'n  set  should  l>e  allowed  siiace  for  t 
ewh  end.  the  aninniit  lieiiig  ahoiit  une  imh  in  twenty-foi 
roiight  iron  l>ars  are  used  in  locomotives  an<l  in  lioilera  where 
B  bare  are  subject  t^i  hanl  n^af^.  'llie  jKiint  of  fusion  of 
■ought  iron  is  higher  than  that  of  east  iron;  hut  wronght  iron 
ra  l>end  and  twist  more  than  bars  of  cast  iron. 

Bars  are  sometimes  hollowed  and  nirrentw  of  water  made  t« 

flow  through  them.     Hy  this  method  their  dnrability  is  inercaued 

and  also  the  efficiency  "f  the  furnace.     The  extni  cost,  liowev^-r, 

(I  the  pxppn»p  of  keeping  them  in  onier  nsiially  ofl^spfs  thp  alxive 

rantages. 

Rocking  Orates.  The  Ial>or  of  breaking  u]>  clinlcPi's  is  ron- 
irable  when  ordinary  fixed  grat*  liars  are  used.  There  are 
,ny  forms  of  rocking  or  sliaking  grates  that  do  this  work  with- 
tbe  need  of  opening  the  furnaee  door. 

In  locoiootives  rocking  grates  are  neceBsaiy,  since  the  rat«  of 
tnahostion  is  high  and  the  fire  must  be  in  good  condition  at  all 


lit  i-ukea 

!  sets  I  if 
xpai 
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times  lilt  giiite,  Ik.iii^  Ik1i>»  tin  (  «]>  tlooi,  would  Im  veiy  bard 
til  ck  (II  if  omIiiiii}  lixdl  grill  Imi-ti  wtn,  iiued 

The  \  irious  mi  king  gi  itts  arc  njienited  iii  itiirny  vrajtt ;  some 
an' fl»t  111  iLi  tiiigiilir  uid  ati  iiioveil  by  sliaking  liuckwikrd  and 
fonviiid  (idKisiii  tiimgiilit  mil  ui  mtakcl  »o  a&  to  break  up 
tbo  I' bilkers       Ibi    iiiolum  is  oftiii  i imtrolU d  bj  lama  and  levvrs. 

tif,  I  shows  KtIie^  s  stamliu-il  nxkiiig  grate.  Each  bar  is 
niadt;  up  of  iiniiiilm  of  iiiiuiito  liaves,  wbicli  can  be  removed 


ami  replaceil  witlmul  n'ln 
niuvi-d  kick  aii.l  f.irtli.  liv 


ling  till'  w-hfilii  biir.  When  the 
[ii';ms  iif  tlie  leviT  nutRide  of  the  brick- 
work, thii  Iriivi-s  rutiili!  tlirinigli  ;t  Miiiill  iiiigle  and  grind  up  thi; 
clinkei-w. 

Bridge.  Tliu  liridge  in  a  lnw  w'lill  or  [Kirtitinn  at  the  back  of 
the  jjrati'.  It  is  usiiiilly  iiiiiih'  of  fire-lirick,  of  cast  iron,  or  of 
oiilium-v  liiick  luvi-ri-il  witli  liri'-lirii-k.  It  is  honietiniea  of  wrought 
iriiii.  huving  ;i  liiillriw-  spiiire,  wliii-li  is  fiUed  with  Matter  in  com- 
niunicittiim  witli  tins  lioihr.  ']'hc  liridgi-  guides  the  hot  gases  to 
contact  with  the  hesitiiig  siiiiiii-es  and  retards  their  escape.  The 
lii'ight  dciiends  on  tiie  draft.  If  tlie  space  l>etween  the  bridge  and 
tlie  Ixiilcr  is  iianiiw,  u  considerable  draft  will  be  necessary  to  draw 
the  gases  thrimgli.  The  best  beiglit  can  be  determined  only  by 
trial,  as  it  iH  dependent  upon  so  many  conditions.  One  rule  ib  t<F 
make  llie  fi\iniv  itlioiit  J  llie  ari-a  iif  liie  grate.     Uanging  bridges 
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often  built  behind  the  furnace  bridge,  the  space  between 
being  a  combustion  chamber. 

Two  or  three  bridges  are  often  used  to  keep  the  hot  gases  in 
contact  with  the  boiler,  if  it  has  a  long  shell. 

SnOKE   PREVENTION, 

In  large  cities  where  the  esca})e  of  considerable  quantities 
of  smoke  into  the  air  is  undesirable,  s(»veral  methods  have  been 
devised  to  prevent  the  formation  of  smoke.  Among  the  most 
important  inventions  and  methods  may  be  mentioned  the  follow- 
ing: the  use  of  gas  fuel,  tlie  introduction  of  jets  of  steam  to 
thoroughly  mix  the  air  and  combustible  gases,  fire  brick  arches, 
mechanical  stokers,  variation  of  air  supply,  down  draft  furnaces 
and  fuel  3conomizers.  The  effectiveness  of  the  above  devices 
depends  largely  upon  the  skill  with  which  they  are  designed  and 
operated. 

The  actual  loss  caused  by  the  escape  of  smoke,  even  when  it 
is  dense  and  black,  has  been  found  to  be  slight  and  usually  the 
appliance  used  for  prevention  •  costs  more  than  is  saved.  The 
alternate  firing  of  two  furnaces,  which  open  into  a  common  com- 
bustion chamber,  or  the  alternate  firing  of  two  sides  of  the  same 
furnace  produces  a  slight  gain  if  the  proper  amount  of  air  is 
admitted.  But,  if  in  order  to  burn  the  smoke,  the  bed  in  one 
furnace,  or  one  side  of  a  furnace  becomes  thin,  there  will  be  no 
gain  in  eflSciency.  The  introduction  of  steam  is  an  efficient 
method,  but  it  is  likely  te  cause  a  teo  rapid  rate  of  combustion. 
Another  arrangement  to  prevent  the  escape  of  smoke  is  that  by 
which  the  coal  is  distilled  in  a  small  furnace  which  iz  separate 
from  the  boiler.  The  coke  and  gases  thus  made  are  burned  in 
the  furnace  of  the  steam  boiler.  This  device  is  not  altogether 
satisfactory  on  account  of  the  loss  of  heat  from  the  detached 
furnace.  Rather  than  add  any  smoke  prevention  device,  antlira- 
cite  or  coke  is  used  instead  of  bituminous  coal. 

Many  engineers  and  business  men  consider  a  good  fireman  to 
be  the  best  smoke  preventer. 

DOWN  DRAFT    FURNACE5, 

In  order  to  increase  economy,  capacity,  or  to  prevent  smoke. 
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a  down  draft  fiinuico  is  used.  In  this  fumac<>  thvre  ttre  twtt 
giutea,  oim  ti  foot  or  mine  iibove  the  oilier.  Fi-cah  coal  is  fed  to 
the-  U]ipei'  grate,  aud  as  it  becomes  |)ai'titilly  uoiisiuued  faWi 
throiigli  to  tlie  grate  l>elow  where  tlit-  eonilntstioii  ia  coiiiplwleu. 
The  draft  is  dou-nu-ar<l  through  the  uj)])er  grale  and  upward 
through  the  hiwer  iK-cause  the  coiniectJon  to  the  chininej'  is  from 
the  space  between  Uie  grates.  The  volatile  ganea  are  carnenl 
down  thruiigli  the  lied  on  the  upper  grate  and  are  humed  in  IIih 
sjiaee  l>elow  it  where  they  meet  the  hot  Hir  ilrstwn  ujiwiml  from 
the  lower  gnite.  A  lai^e  jiruportion  of  tlm  air  for  comhustiou 
enters  the  door  at  the  upi^ier  grate.  Testa  on  the  Hiiwlev  furiiau 
sliow  that  30  to  45  pounds  of  toal  per  square  foot  pt-r  hour  J 
be  burned  with  good  results. 


In  the  funiace  made  by  the  Ilawley  Dow.i-Draft  Boiler  Con 
the  gmtes  are  formed  of  a  series  of  water  tubes,  Dpeaiiig  at  the 
ends  into  steel  dnuns,  shown  in  Flga.  4  and  6,  whieli  are  con- 
nected with  the  iKiiler.     Kig.  4  shows  this  fiiraacu  sctanbcil  to  • 
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Hcil  to  IpoUi  hil'vfar 


reused   economy  aad 


hiirizdntal  Tiiii1titiibiili)r 
aii'I  ti-ater  luhe  boik-i-s 
_  wilh  guo<l  rc^sults  »iid 
advanta^ous  to 
(oilers  of  insufficient 
Anting  Kurfiioe  and 
prheii  interior  fuels 
burned.  It  is 
med  tbiit  tbis  at- 
lehment  itisuren  vnm- 
lete  conibtiH  tion, 
nail  amount  of  anhea 
ifcoiint  of  tlie 
)ond  gfate,  good  watiir  ciretilation  and  : 
city. 

HECHANICAL    STOKERS. 

In  order  to  save  tbe  livbor  of  fee<liny  f urniues  by  hand,  meoban- 

[  stokers  are  nspd.     Witb  a  pood  mechanical  stoker,  one  man 

n  attend  several  furniicea  wilti  little  labor.     Tliere  are  seveml 

^Ivs.     Tbe  first  waa  invented  by  James  Watt.     The  cfial  after 

dng  was  yjiiNhed  to  the  back  of  the  'furnace  by  levera. 

Otie  form  ctinaiats  of  longitudinal  bars  connected  by  links 
forming  an  endless  cimin.  The  coal  ia  delivered  from  a  liopper  at 
the  front  of  the  Itoiler  to  tbe  grate.  The  moving  of  the  grate 
^im  front  to  rear  moves  the  coal  into  llie  furnat-e  and  di'ops  thf 
li  Hnd  o.linkei-s  at  the  liack. 

In  the  Uoney  stoker  the  fuel  iK  iluinped  inlo  a  hnpjior  at  tbe 
The  grate  bars,  which  extend  atrass  tbe  furnace,  form  a 
pea  of  steps.  The  fuel  slides  down  theae  st«-ps  while  it  \n  burii- 
,  nntil  it  reaches  the  duin]>ing  grate  at  tbe  bottom.  Each 
Ate  bar  is  hung  on  pivots  at  the  ends.  By  means  of  a  small 
lani  en^ne  the  rocker  bar  (tu  wldch  each  gi-:tte  bar  is  uttaelieil ), 
iips  the  gmte  bars  so  that  the  upi>er  surfaces  incline  downwai-d 
toward  the  bridge,  and  then  rights  tbt-in.  This  motion  causes  the 
fuel  to  slide  downward  and  then  stuii.  becau.se  cliccked  by  the  right- 
ing of  the  bare.  The  riite  of  feeding  is  controlled  by  the  »tn)ke 
of  tlie  ■'pusher,"  or  by  changini?  the  niunlier  of  strok«?s  jwr  minute 
uf  UiB  pttslivr,  or  rooker  bur.    Tbe  tiabes,  clinkiirand  the  nuburned 
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coal,  if  any,  collect  on  tlie  (1uiiii>«t  grnte,  which  !a  controlled  by  a 
lever. 

If  the  rate  of  feed  is  too  Iiigh,  imbiimed  coal  will  appear  on 
the  dumping  grate.  If  the  rate  is  too  low,  no  unhunied  coal  will 
be  seen  on  tlic  dnniping  grate,  and  the  fire  may  be  tliin  at  the 
bottom,  which  will  cause  an  excess  of  air  to  enter.  The  fireman 
is  niort^  likely  to  be  uneconomical  by  using  too  little  coal  than  toa 
much,  for  he  can  see  when  unbnrnMl  coal  apfH-ai-s,  but  does  not 
know  the  amonnt  of  wa.ste  cansed  by  a  thin  fire. 

All  mechanical  stitkers  in  which  the  movable  parts  are  inside 
the  fnniaces,  are  likely  to  get  ont  of  order  because  of  the  heat  and 
dirt. 

FUEL   ECONOMIZER5. 

Of  the  many  attem]>ts  to  get  heat  fivmi  the  products  of  com- 
bustion after  they  leave  the  boiler  and  befure  tliey  enter  the  chinv 
uey,  Greea's  Economizer,  Fig.  G,  has  been  the  must  successful. 


Fig.  e. 

Most  economizers  liave  been  unsatisfactory  because  of  the  aecuaiu- 
lation  of  «w(  on  the  pipes.  In  Green's  feed  water  heat^^r.  or  econ- 
omizer, the  scveriU  sets  of  f(mr-iiK;h  vertleal  tubes  are  kept  cleiin 
by  scrapers,  one  on  caeli  tube,  liy  means  of  a  small  engine  tl'^ 
scnipein  move  continuonsly  np  and  down  (m  the  tul>es.  The  fe™ 
water  is  jnunped  throtigb  several  sets  of  tidies  beginning  with  tbe 
most  n-mote, 

SPECIAL    FURNACES. 

Almost  any  furnace    is  ada|it<Hl    to   burn  anthracite  coal,  or 
semi-bituminous  coid  with  less  than  20  per  cent,  volatile  matter. 
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If  there  is  over  20  per  cent,  volatile  matter  in  the  coal,  it  should 
never  be  burned  in  a  furnace  that  is  directly  under  the  boiler 
whose  heating  surfaces  are  exposed  to  radiation  from  coal  on  the 
gKite.  If  the  coal  contains  over  40  })er  cent,  volatile  matter  the 
furnace  should  be  surrounded  with  iir6  bricks  and  have  a  large 
combustion  chamlx?r. 

Some  variety  of  coal  is  generally  used  for  fuel;  but  in  some 
localities  and  industries  wood,  saw-dust,  tan-bark,  bagasse  and 
stniw  are  much  clieaper  or  convenient.  When  these  fuels  are 
burned  there  should  be  plenty  of  room  in  tlie  furnace  and  sufficient 
air  supplied  to  the  top  of  the  fuel.  Saw-dust  and  fine  coal  are 
sometimes  burned  by  blowing  them  into  the  furnace  by  means  of 
an  air  blast. 

When  oil  is  used  it  is  thrown  into  the  furnace  bj  sprayers  or 
atomizers,  the  oil  burning  in  a  long  flame.  The  sprayer  is 
formed  of  two  concentric  conical  tubes.  Compressed  air  or  steam 
entering  by  tlie  inner  tube,  draws  oil  through  the  outer  tube  and 
throws  it  into  the  furnace  in  the  form  of  a  fine  si)ray.  Steam 
is  often  used  in  place  of  compressed  air  on  account  of  its  conven- 
ience, but  it  is  not  as  gocnl  as  compressed  air.  The  oil  is  usually 
stored  in  tanks,  which  are  outside  the  fire  room,  and  whicli  shoidd 
be  lower  than  the  spray ei*s. 

Experiments  show  that  one  }>ound  of  petroleum  is  equal  in 
heat  units  to  about  1.8  pounds  of  coal.  Petroleum  luus  many 
advantages  as  a  l)oiler  fu(4.  It  is  clean,  gives  out  uniform  heat, 
and  is  economical.  As  there  are  no  iushes  to  handle  and  no  fires 
to  clean,  one  man  can  tend  several  furnaces.  The  steady  tem|)er- 
ature  and  the  freedom  from  admission  of  cold  air  bv  continual 
opening  of  doors  increases  both  the  economy  and  durability  of  the 
lx)iler.  The  fin*  may  l)e  started  or  stopped  instantly,  and  the 
supply  of  air  regulated  accurately. 

Petroleum  has  an  unpleasant  odor,  is  likely  to  explode,  and 
has  a  companvtively  high  value.  Economy  from  using  petroleum 
or  coal  depends  upon  the  locality,  since  prices  vary  with  the  diffi- 
culty of'  obtaining  them. 

NATURAL   AND   FORCED   DRAFT5, 

The  draft  in  a  chimney  is  caused  l)y  the  difference  in  weight 
between  the  hot  gasc^s  inside  and  the  air  outside.     The  force,  or 
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intensitj'  of  the  draft  is  equal  U>  tite  difference  of  these  weights, 
ami  is  HK'Hsiired  hy  a  draft  (;au^.  ()ne  form  of  tliia  instrunietit 
iR  a  tiihe  ix-tit  ill  the  form  uF  llic  letter  U.  The  tube  is  partially 
tilleil  with  water,  one  leg  lieing  ci nine c ted  to  the  interior  of  the 
oliininey  and  tlie  dtlior  oix-n  to  the  external  air.  The  difference 
iif  the  water  levels  in  the  two  legs  iiidieates  the  difiference  of 
pr{'SHnn>ti  and  the  iiinoiiiit  of  draft. 

On  Kionnt  of  Ihe  slight  movement  of  the  fluid  and  the  error 
caused  In  the  water  Wing  attnteted  to  the  dry  tube,  the  Eames 
Uifferenti  il  Dnift  (>age   is  uttetl.      The   form   is  shown  by  Fig.  7. 


Fli:.  7. 


The  flniil  UMil  IS  I  s|H'('ial  nrin-dryiiig  and  nnn-eva|>orivting  oil  o( 
known  s]K(  idi  gi  »\ity.  Tlu;  incline  and  diameter  of  the  tube  are 
so  pioiviituuud  thit  till?  ivadiiig  ix'|uesents  distilled  water  in  hun- 
dredths of  III  mill  The  indications  are  taken  on  one  leg  only. 
The  itmtrninent  I.s  cajMible  of  measuring  two  inches  of  wate'r  pres- 
sure. '  •      ,'    : 

The  i-ate  of  eonibiiKtion  <le|H'iids  ujhui  the  height  of  tlie  chim- 
ney. A  eliininey  'JO  to  ir,  f.-i-t  high  will  raii.se  draft  sufficient  to 
hum  alioiit  eight  pounds  of  coal  per  s(|ii:w(;  foot  of  gnite  area  [mt 
hour  ;  if  tlie  height  is  iiuivasi-d,  the  riite  nf  eomlnistiou  is  increased. 
If  the  eiiimney  is  about  lori  fi-ct  liigli,  the  i-.ite  ii(  combustion  will 


be  alK.ut  Tl  ]».uli.ls  per  sq 
and  to  liiini  2.'>  pomuls.  tin 
high.  'J'he  height  of  the  (li 
kind  of  Ix.iler.  Fo]-g.K>dliitii 
ncy  niustUi  higher  than  fm-  v 
same  rate  of  eoiiibiistion  Is  i 
winding  passages  tl 
arecosth-it  has  !«■ 


small  cliinnieys  in  phu-e  of  a  large  one. 


111!    foot    of  gntte    area    per    hour, 

rhimney  must  bo  about  17r>  feet 
iiiiey  varies  with  the  fuel  and  the 
liiious,  or  aiitlinieite  coal,  the  ehini. 
Ill-  wiHiil  or  ]>i>or  hitnnihions  coat,  if  the 
is  desireil.  If  the  boiler  liiva  small  or 
iiin'V  must  l)e  high.  As  high  chimneys 
ecminion   practice  to  build  two  or  three 
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It  is  often  inconvenient  and  sometimes  impossible  to  build  high 
chimneys  or  several  chimneys  when  a  high  rate  of  combustion  is 
desired.  In  locomotive  and  marine  work,  and  in  large  cities,  a 
high  chimney  is  undesirable.  In  order  to  obtain  the  high  rate  of 
combustion  with  the  short  stacks  of  locomotives  and  ships,  a 
forced  draft  is  used.  By  this  means  a  high  rate  of  combustion  is 
obtained, — from  100  to  150  pountls  of  coal  i)er  square  foot  of 
grat(»  ai-ea  per  hour.  Forced  draft  greatly  increases  the  power,  but  is 
likely  to  injure  a  boiler,  and  is  uneconomical  under  some  conditions. 

There  are  three  systems  of  forced  draft.  The  induced  draft 
useil  in  locomotives,  the  closed  stoke-hole  and  closed  ash-pit  used 
in  marine  boilers. 

Induced  Draft.  In  the  first  system,  the  exhaust  steam  is 
turned  into  the  smoke  stack.  The  force  of  the  steam  draws  the 
products  of  combustion  up  the  stack.  Induced  draft  is  also  obtained 
in  land  Iwiler  plants  by  placing  a  blower  in  the  chimney.  An 
economizer  should  be  used  so  that  the  gases  may  be  cooled  before 
they  reach  the  blower.  The  draft  obtained  on  locomotives  is 
equivalent  to  a  column  of  water  five  to  seven  inches  high. 

Forced  Draft.  On  steamships  forced  draft  may  be  obtained 
either  by  making  the  stoke-hole  air  tight  and  then  forcing  air  into 
it,  or  by  increasing  the  pressur3  of  air  in  the  ash-})it. 

By  the  first  method,  the  stoke-hole  is  closed  so  that  the  only 
outlet  for  the  air  is  through  the  furnaces.  Air  from  without  is 
forced  into  the  stoke-hole  until  its  pressure  exceeds  that  of  the  at- 
mosphere. This  method  gives  good  ventilation  to  the  stoke-hole ; 
but  when  the  fire  door  is  opened  there  is  a  great  rush  of  air  to  the 
surface  of  the  coal,  the  cold  air  chilling  the  furnace  plates.  With 
this  form  of  forced  draft  the  fireman  must  act  quickly. 

The  closed  ash-pit  is  used  successfully  both  in  the  merchant 
service  and  on  war-ships.  Air  is  drawn  from  without  by  means 
of  a  blower,  and  is  forced  into  the  ash-pit,  which  has  an  air 
tight  door.  If  the  pressure  is  considerable,  the  fire  door  must 
also  Ije  air  tight,  or  the  fiame  may  come  out  around  the  door. 
When  the  fire  door  is  opened  to  admit  coal,  the  draft  must  be  shut 
off  or  flame  will  come  out  into  the  fire  room.  An  automatic  ar- 
rangement, which  shuts  off  the  draft  when  the  door  is  opened,  is 
often  used. 
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Till'  fiii-<'c<!  ilciifl  for  niarino  Iwilt-re  is  imiially  emiivalent  to 
about  two  iriclit'H  of  water. 

Blowers.     Fur  veiitiliitioii,  heating  and  forced  liiaSl,  UowetB 


are  generally  uBed.  In  case  induL-^d  forced  draft  la  dt-Bired,  a4 
or  exhauster  is  placed  in  the  chimney  to  draw  the  gases  tiiroifl 
the  passages.  With  forced  diaft,  Pither  with  closed  tuh-piti 
closed  stoke-hole,  a  Mower  forces  air  into  the  iwh-pit  or  stoke-bl 
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Fig.  8  shows  a  Sturtevant  blower  witli  enclosed  engines.  A 
Iilower  is  a  fan  wheel  encased  in  sheet  iron,  biii>,k  or  wood  having 
two  inlets  for  air.  An  exiiaiister  is  constructed  like  a  blower  and 
has  but  one  inlet.  Tlicy  are  made  to  discharge  vertically,  hori- 
zontally, etc.,  and  are  constructed  with  steel  pliite  funs  and  de- 
signed to  handle  air,  dust,  8:noke,  and  steuni  with  1<)W  resiatanci's. 
For  forced  draft,  they  are  capable  ()f  i)ri)dH(;ing  air  pressure  eqnal 
to  four  inches  of  water,  and  iirc  vltv  generally  used  witli  econo- 
mizers, and  in  marine  work. 

VALVES. 

The  fittings  used  to  regulate  the  dow  uf  fluids  in  jiij^s  are 
operated  by  moving  a  disk  across  tlio  pipe,  with  or  witliout  rota- 
tion, or  by  turning  it  tliiough  an  angle.  Those  o[)ei-a(ed  by  tiie 
first  method  arc  called  valves,  and  those  by  the  ei-cond,  cocks. 

The  Globe  Valve,  shown  in  Fig.  0,  gets  its  name  fi-om  the 
shape  of  the  case,  which  is  sc])- 
arated  into  two  parts  by  a  par- 
tition with  an  o[)ening  through 
the  horizontal  pitrt.  The  &m'< 
enters  at  the  right  and  [Hisses  up 
through  the  opening  and  out  at 
the  left.  It  is  closed  by  screw- 
ing down  the  valve  face  to  the 
seat  by  a  handle.  A  stuHiiig  l>ox 
around  tlie  valve  prevents  leak- 
ing. In  Fig.  9  tlie  valve  is  round 
and  is  called  the  disc  valve. 
The  valve  is  guided  to  the  seat 
by  a  smaller  ring  on  the  valve 
face.  Other  forms  of  glolje 
valves  have  bevelled  seats  and 
the  valve  face  is  made  of  com- 
position. Globe  valves  should 
be  set  so  as  to  close  against  the 
flow ;  when  set  in  the  opposite 
way,  if  the  valve  should  be  de- 
tached from  the  stem  it  could  not  be  opened,  although  the  handle 
might  move  all  right.      It  would  also  be  necessaiy  to  shut  oil 


L 


mfl\ 


X=l| 

ll\/^  Bi 

ll 

If 

BOILER   ACCESSORIES. 


16 


strong  pressure  against  the  seat.  These  valves  are  made  with 
a  stem  wliich  risea  witli  the  gate,  as  Blio\vn  in  Fig.  11,  or 
with  one  which  remains  in  tlie  same  position  whether  the  gate 
is  open  or  elosed.  The  former  is  preferable  as  one  can  tell  at 
a  glance  whether  the  gitte  is  open  or  shut. 

Check  Valves.  When  it  is  necessary  that  the  flow  should 
always  take  place  in  the  same  direction,  as  in  the  feed  pipe  of  a 
boiler,  check  valves  are  used.  There  are  several  forms  t<hown  in 
Fig.  1 2,  one  of  which  has  a  similar  jtattem  to  a  gkilw  valve,  with 
a  ball  or  flat  valve,  the  seat  heing  jtarullel  to  the  direction  of  flow. 
The  valve  is  held  in  place  by  its  own  weight  and  by  the  pressure 
of  the  fluid,  in  case  of  a  i-everse  flow.     In  the  swinging  check 


Fig.    IS. 


valve,  the  scat  .s  at  an  angle  of  about  4o  degrees  to  the  direction 
of  flow.  It  is  fitted  somewhat  loosely  where  it  is  fiistened  to  the 
swinging  arm,  so  that  it  may  pioperly  seat  itself.  This  form  is 
usually  preferred,  as  it  offers  less  resistance  to  flow  and  there  is 
less  chance  for  impurities  to  lodge  on  the  \alve  seat.  When  a 
check  valve  is  used  in  the  boih-r  feed  \n\}^,  there  should  bo  a  stofi 
valve  between  it  and  the  boiler,  which  can  be  shut  in  case  the 
check  valve  gets  out  of  order. 


SAFETY  VALVES. 

Safety  valves  are  used  for  reducing  the  pressure  when  it 
exceeds  a  certain  limit  and  also  to  give  warning  of  liigh  pressure. 
They  are  constructed  in  several  forms,  but  in  cveiy  case  they  con- 
sist of  a  valve  opening  outward  and  lield  in  place  by  a  weight  or 
spring. 

A  simple  form  w  shown  in  Fig,  Vi.  It  consists  of  weights 
Buapended  from  the  valve  and  lianging  inside  the  upper  part  of 
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the  Imiler  and  has  a  cup^li-iju-d  wit  Tins  form  is  advantageous 
b(x»usG  tliL  weight  Ciinnot  be  altered 
uitliout  0[>t  niiig  theboder  The  t{ft,  or 
the  distaiue  the  vahe  rises,  is  rarely 
more  than  ^  of  an  inth  Tlie  area  for 
the  esL.ipe  of  ste  iin  shoiihl  be  biiilicient 
to  dntlui-ge  all  steam  that  the  boder 
oin  niaki  ilit,  trea  can  Ix,  computed 
by  itii  eiHiiiruiil  formula  proposed  hy 
Biiukhie. 

V    =    "^ 
'  p 

in  which    -V     is  the    effective    ai'ca  of 

diseharge,    W     the     weight     of     stram 

delivered  ]>er  second,  aiid^  tlie  ahsolute 

IH-ossiire  in  poiindB  per  square  inch. 

The  anion  lit  of  steiim  de[>ends  on  the  area  of  gi-ato,  rate  of 
comhustioii  and  the  evaporation  i>er  jmiiuhI  of  eoal.  The  first  con- 
dition is  known  and  tlie  otlier  two  may  be  estiiimted  from  the  pre- 
vailing conditidiiB  and  from  the  tyjie. 

8uppo»s  the  biiiler  makes  1  .J  jtonmls  of  Kt^'ain  per  s<i-oiid,  with 
1)5  jiuuiids  absolute  pressure.      'J"hen  the  ai-ea  will  liCi 
TO  X   li  . 


A  =  ' 


:    =l.l+s.,,.., 


iche 


Suppose  the  lift  (<>  1"'    j'„   of  ; 
be  1.1-1- -T- .1=11  inches  and  the  di; 


ich,  the  ciri-nmfei'once  "'ill 
U;r  will  b<;  about  31-  incJies- 


Another  rule  is  to  make  the   area  of  the  valve  seat  |  of  * 
square  inch  for  every  square  foot  of  grate  surface. 
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If  more  than  one  method  is  nsed  in  the  calculation,  the  largest 
suit  should  be  used. 

Another  form  much  used  is  the  lever  safety  valve,  shown  in 
ig.  14.  The  valve  is  held  in  place  by  a  weight  on  the  end  of  a 
per.  The  force  required  to  lift  the  valve  is  regulated  by  sliding 
le  weight  on  the  lever.  The  body  of  the  valve  is  cast  iron  and 
IS  an  opening  at  one  side  to  allow  the  steam  to  escape.  The 
dve  and  valve  seat  are  of  brass.  When  the  valve  becomes  leaky, 
should  be  reground  and  made  tight,  but  some  carelessly  try  to 
op  the  leak  by  hanging  on  extra  weight,  or  by  wedging  it  dowri. 
3T  this  reason  it  is  well  to  have  the  lever  cut  oflF  at  the  proper 
ngth  and  to  use  a  short  lever  and  heavy  weight. 

The  method  of  calculation  for  the  lever  safety  valve  is  the 
me  as  that  for  any  lever.  The  safety  valve  is  a  lever  of  the 
ird  class  because  the  power  (the  steam  pressure)  is  between  the 
Icrum  and  the  weight.  In  any  lever  the  weighty  multiplied  by 
e  weight  arvi^  equals  the  power  multiplied  by  the  power  arm. 
I  the  lever  safety  valve  the  power  is  the  steam  pressure,  and  the 
iwer  arm  is  the  distance  of  the  center  of  the  valve  from  the  ful- 
um.  There  are  three  weights,  since  the  ball,  the  lever  and  the 
live  and  spindle  all  act  downward  ;  their  i-espective  arms  are  the 
ngth  of  the  lever,  tlie  disUmce  of  the  center  of  gravity  of 
e  lever  from  the  fulcrum,  and  the  distance  between  the  center 
the  valve  and  the  fulcrum. 

Thus  if  we  know  seven  of  the  following  eight  conditions,  we 
m  find  the  eighth. 

The  weight  of  tlie  ball  at  the  end  of  the  lever. 

The  length  of  the  lever. 

The  weight  of  the  lever. 

The  distiince  of  the  center  of  gravity  of  the  lever  from  the 
Icrum. 

The  weight  of  the  valve  and  spindle. 

The  distance  of  the  center  of  tlie  valve  from  the  fulcruui. 

The  diameter  of  the  valve. 

The  distance  of  the  valve  from  the  fulcrum. 

Suppose  we  have  a  lever  safety  valve  as  shown  below.  We 
ish  to  know  at  what  pressure  per  square  inch  it  will  blow.  We 
low  that  the  product  of  the  total  steam  pressure  on  the  valve. 
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ninltiplied  by  the  distance  of  the  valve  from  the  fulcrum,  equala 
the  sum  of  the  three  weights  each  multiplied  by  their  respective 
lever  arms,  or 

125  X  48  =  6000 

60  X  20  =  1000 

18  X  4J  =      81 


Area  of  valve  -■= 


ird^ 


7081. 
3.141C  X  2o 


=  19.635. 


4  4 

Ije.tp  ^  steam  pressure  per  square  inch;  then  19.685^  =  ihs 
totiil  j)Ower.     From  the  law  previously  stated 

19.635  j9  X  4]  =  7081. 
88.367  p  =  7081 
_7081 
^  ~  88.867 
=  80  })onnds. 
Then  we  may  say  that  tlie  safety  valve  \nll  blow  at  80  pounds 
jwr  square  incli. 

48* 


,50  lbs. 


•20' 


() 


Id  lbs. 


•4^ 


t 5"— J 

EXAHPLE  FOR  PRACTICE. 


A  lever  safety  valve  has  the  following  (limensions :  Valve  41 
inches  in  diameter,  weight  of  valve  an<l  spindle  14  pounds,  dLs 
tanee  of  valve  from  fulenim  4 J  inclies,  w^eight  of  lever  44 
pounds,  center  of  gravity  of  lever  18  inches  from  fulcrum,  lever 
42  inches  long.  What  should  In*  the  weight  of  the  ball  for  the 
valve  to  blow  off  at  GO  pounds  pressure? 

Ans.  82  pounds  nearly. 
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If  tlie  prirBsiire  &t  wliicli  tliu  valve  will  lilow  in  known,  and 

tlie  aize  of  the  valve  is  unknown,  it  may  lie  found  by  the  upplica- 

tjoii  of  tlie  Bainu  principle. 

Tlie  center  of  gravity  nf  the  lever  cnn  be  calculated,  but  ii 

much  easier  methoil  is  to  balance  it  over  a  knife  edge  and  note 

the  position  of  the  knife  edge. 

In  the  above  calculations,   the   Uieoretical   pres.'siirL-  only  la 

calculated.     The  friction  of  iIih 

various  joints  may  aller  the  blow- 

iugpressuiv  some  what,  Asjifety 

valve  kIiouIiI  be  set  by  trial  to 

blow  off  at   tlie  required  pres- 
sure.     In    Betting    tlie    safety 

valve  ft  pressure  gage  should  be 

used   that   has   been    compared 

with  aatanihird  gage  or  mercury 
.  column. 

Tlie  common   lever  safety 

valve  has    several   defects.      It 

iloea   not  close  promptly  when 

yiresBUi-e  !«  reduced ;  it  is  likely 

to  leak  after  it  ia  closed  and  it  | 
be    easily    overloaded 
I  wedgetl  on  its  seat.     Tlie  safety 
I  valve  which  is  automatic,  certain  I 
'  in   action,  prompt   in    opening  I 

ind  closing  at  the  required  pie 
I  sure,  anil  which   can  ha  relied  I 

upon  to  relieve  the  boiler  under 
I  all  circumstances,  is  the  one  de- 

■ired.      ITie  spring,    or  "Pop" 

safety    valves  fulliil  the  above 

Tvquirements    letter  than  those 

of  the  lever   typo.      The   valves 

oi>eii  when  the  steam  pressuie  is  sufhcterit  to  overcome  the 
I  tension  of  the  spring.  Fig.  15  shows  a  Crosby  Pop  Safety  Valve 
I  for  stalintiaiy  service.     The  valve  C,  th^  tnaiti  valve,  is  connected 

l»y  the  flanged  nut  Ji  to   tlie  neutral  spindle  A,  and  ia  held  down 
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on  its  seat  l>y  tlic  i)ressiire  (if  tho  spiing  S.  The  valve  C  is  pro- 
videtl  with  wiii^j  jjuidi's  and  iiii  annular  Hp  E.  The  guides  fit 
smiKithly  into  the  Beating  1),  iijjon  which  the  valve  rests.  The 
seats  of  thi-  valve  liavi'  an  angle  of  45  d^n^es.  The  under  face 
of  tho  lip  ]•".  togetluT  with  till'  seating  forms  a  small  chamlter 
ihi'ougli  whirli  all  tlic  steam  must  ]iass  to  tlie  ojmmi  air.  A  number 
of  .small  holes  drilled  vt^rlieally  tliroujjli  the  flange  F,  connect 
with  tho  <'lianilier  ami  allow  part  of  the  steam  to  escape.  Tlie 
action  i>f  till'  viilvt'  is  regulated  \>y  the  sei-ew  ring  <i.  which  allon's 
niiiiv  or  less  steam  to  esea[>i'  thioiigli  the  hules  in  tlie  fhuige  F. 
Itaiiiing  the  serew  ilimiiiislie^.  anil  lowering  it  inon-ases,  the  urea  of 
tlie  holes.  If  the  hiss  iif  steiiin  is  too  great  when  tlie  valve  hlows, 
turn  the  si'i-ew  ring  down. 

The  safety  valve  slmul.l  U>  eoimecti'tl  directly  to  the  boiler 
without  any  pipe  melhow.  It  should  Ik-  tried  every  day  by  means 
of  the  lever. 

The  valve  shown  in  Fig.  ]ti  for  stationary  boilers,  is  made  liy 
the  Ashton  \'alve  Co. 
The  general  principles 
art!  those  of  all  jiop  safety 
valves.  The  valveseat 
is  made  of  eonittosition, 
or  niekle,  and  with  a 
lievel  of  45  degrees,  as 
is  the  United  St-ite* 
(iovi'inment  standard. 
The  jK>p  chamber  is 
surrounded  by  a  knife- 
edge  lip,  whiih  wears 
down  in  pi-o{Hii'tion  with 
the  seat,  thus  keeping 
the  outlet  of  tho  same  re- 
lative proiKH-tinns,  giv- 
ing a    eonstiint    amount 

■eiii-e  of  pi-i'ssnre  between 
e,  is  regulated  fnim  the 
legulutoi'  shown  at  11  in 
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g.  Ifi.     If  luni'e  [Hip  U  ilesii-ed,  tuni  tlie  legulat^n-  so  that  S  will 

•TV  iit.-aily   jwi'iM-nilioular.       To   lessen   pop.  iniike   0   more 

Mrlj  {)eri>eiidk-)tlar.    'flie  springs  atv  in>^.le  of  ileitHiip'K  best  steel. 

Tbe  liilH  unci  oiitlfri  are  Itoth  on  tlie  satnp  ciistiiig,  so  tbat  the 

tve  way  \»  taken  ajwiit  to  lie  deaiipil  or  repaired  witbont  dis* 

prHng  thu  bailer  couiiection.     It  hsa  a  lock-up  attacluiient,  so 

Hit  tile  regulating  jKirts  can  nut  Ix-  tivnijK'red   witli,   either  by 

Itideiit  or  design      Tlia  Hpring   is   encjwed,   thus  protecting  it 

I  tlio  steiiin. 

Tht!  Star  Miirini-  I'oji  Safety  Valve  h  shown  in  Fig.  17.     It 


h;is  a  IjeTcl  seat  and  in  provided  with  a  cam  lever  by  which  it  may 
b«  niised  from  its  seat  wlien  there  is  no  steam  pressure.  The  out- 
1ft  of  the  valve  can  if  desirable,  I*  piiied  to  the  supjJy  tank  or 
any  other  point. 

Tlie  safety  valve  for  loeomotinr  boilers  must  1m'  made  of  lieiivy 
ntati^rial  to  stand  the  severe  usage.  They  should  1)p  so  conetnicted 
that  they  will  not  cock  or  tilt.  The  Asliton  valve  idiown  in 
I'ig.  18  i«  constructed  so  that  the  amount  of  ijnj)  may  Imi  regulated 
hv  merely  turning  the  two  posts  marke<l  2  and  3  to  the  right  or 
left.     The  noise  of  Uie  steam  escaping  from  the  ordinary  (safety 
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valve  i.i  disagree iilile.  iiinl  in  some  states  the  law  requires  the  ubb 
of  the  luuffior  safety  valve.  The  Ashton  valve  sho^vu  in  Fig. 
18  has  a  top  niulHer. 

REDUCINQ  VALVES. 
Ki  line  times  st^'am  is  desired  at  ii  lower  pressure  than  that  of 
the  boiler.  Fur  iiistaiiee,  a  small  low  pres-sure  engine  may  be 
mil  by  st*'am  taken  fn>ni  the  same  boiler  tliat  supphes  a 
iiigluT  |iressiiif  engine.  This  rednetion  is  accomplished  by 
throttling  tht;  steam  by  means  of  inducing  valves.  They  are 
arranged  to  lie  o|H'nited  aiitoinatieally  so  that  the  pressure  may 
be  redueeil    and  a  constant  pressnre  in  the  steam  pipes   main- 


KliT.  1!). 

taiiH'd.      Tliei'e   are    scvi'nil  toiiiis   In    generjil  use.      Let  us  con- 

sul.T  till-  i.di.iii   of  a   few.  In  the    lloH    valve.  Fig.  19,  tlie  I""' 

pressiin-  steam   Li.'ts  on  the  lower  side  of  ll.e  diaphragm  anil  tlie 

wi-iglit,  which  niiivlH'  set  sii  as  t-oeanse  the  desired  pressure,  aels<M> 
ihi-  ntli,-f.     The  movement  of  this  diaphragm  oaiLses  a  balanced 

valve  to  move  to  or  from  its  seat.     The  valve  opens  until  the 

steam    pressure   iijiials   the  weight   above.      The   pressure  in  the 
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liiin  steam  in\>e-  d'WH  not  effect  the  movement  of  tlie  valve.     It 
eiwnds  only  upnii  the  pressure  on  the  two  sideH  of  the  diaphragm. 

Another  form,  the  Ma.son,  is  shown  in  Fig,  20.  A  spring, 
vhich  may  have  its  teii.sion  altered  hj- 
key.  takes  tlie  place  of  the  lever  and 
weight,  in  th(^  Holt  viilve.  When  the 
rfssiirc  ill  tlie  low  pressure  syst^-ni  has 
inen  to  the  i-eqiiii-eil  jioint,  which  is  de- 
L-rniined  hy.the  upring,  the  valve  closes 
nd  no  more  steam  is  admitted  until 
he  pressuiT  falls  sufiiciently  ti)  oim-u 
he  v^ilve  again. 

In  anotlier  fomi,  ii  piston  acted  on 
ly  the  low  pressure  steam  legul.ite-s  the 
Iieniiig  of  :i  balanced  valve,  and  tin-* 
iiaintains  a  constant  steam  pressure. 

In  the  Foster  i-etUlcing  \ahe,  the 
alvp  is  held  oj)eii  by  the  spnng  and 
Levers,  nntil  t)ie  steam  pressui-e  .it  <\il 
iresws  on  the  diaphnigni  snilicienfly  t*i 
lose  the  valve.  The  valve  is  lield  ii[>en 
II  iw  to  admit  just  the  proper  amount  i 
eqiiired  jn'essiu'e. 

Wlien  a  reducing  valve  is  ns«d,  a  stop  valve  should  be  put 
n  'ft  prevent  flow  when  steam  is  not  in  nst-.      It  also  regi dates  tlie 
.ippiy  until  it  excecils  the  leuki4^e  of  the  veihicing  valve. 
BLOW-OUT  APPARATUS. 

Water  for  feeding 
l>oilei-H,  if  taken  from 
rivers  or  ponds,  is  likely 
to  lontiiin  some  vege- 
tilile  matki  As  this 
mattet  iisn  dlj  floats  on 
tlie  8U1  f(i(  c  of  tlic  water 
in  the  boih  r,  it  may  Ih; 
discharged  through  a 
Fig.  21.  surface  blow-out.    Tliis 

pparatus,  shown  in  Fig.  21,  eonsista  of  a  flattened  cone   of  sheet 


Fig.  20. 
if  st^am   to  niatntain  tlie 
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metal  extending  r.early  across  the  boiler  and  turned  so  that  the 
currents  will  dei)osit  solid  matter  in  its  mouth.  The  valve  is 
oi)ened  frequently  to  blow  out  these  vegetable  impurities. 

There  are  many  solid  impurities  that  will  settle  to  the  bottom 
of  a  boiler  if  the  water  is  allowed  to  remain  quiet  for  a  short  time. 
By  means  of  a  mud  drum,  or  a  bottom  blow-out  apparatus,  thesf" 
solid  paiticles  are  removed.  In  many  boilers,  the  blow-out  cocks 
are  k(»pt  open  eveiy  morning  long  enough  to  re<luce  the  level  of 
water  in  the  boiler  a  few  inches.  This  blow-out  apparatus  is 
situated  near  the  lM>tt()m  of  the  Ixnler,  in  order  tliat  it  may  lie 
completely  dmined.  Valven  are  more  easily  o|>ened  than  taps^  but 
are  not  as  trustworthy.  It  is  almost  im|K)ssible  to  completely 
close  a  valve  if  a  snuiU  piece  of  scale,  a  small  chip,  or  an  accu- 
mulation of  sediment  lodges  on  the  seat.  If  the  valve  in  not 
closed  tightly,  water  will  leak  out ;  the  Iwiler  may  be  drained,  and 
then  In^come  overheated.  One  is  not  deceived  as  to  whether  a  tap 
is  closed  or  open.  For  these  n^asons  it  is  better  adapted  for  blow- 
out apparatus  than  a  valve.  A  tap  is  likely  to  stick  fast  l)ecause 
of  corrosion,  or  inie(|ual  exj)ansion,  but  this  diflficult}'  is  slight  if  it 
is  opeiwd  fn'fjueutl i/  and  gradually.  The  plug  and  casing  should 
not  l)e  nuvde  of  the  sanu^  metal,  because  they  will  stick  if  they 
remain  in  contact  for  any  length  of  time. 

WATER  GAGES. 

It  is  of  great  importance  that  the  level  of  the  water  in  the 

boiler  can  l)e  easilv 
ascertainetl  at  aiiv 
time.  If  the  water 
is  too  low  there  I* 
danger  of  over- 
heatins:  the  fur- 
nace plates ;  if  it 
is  too  hisrh  there  is 
likely  to  l)e  prim- 
ing. 

The  water  level 
pj    22  —        is  usually  incUciited 

by     gage   cocks, 
water  gage  glasses  and  floats. 
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ith  the  makers.     Kig.  22  ebows  a 


Cage  cocks,  or  Try  cocks,  are  very  gPTierally  UBfid.     They 
B  of  different  forms,  varying  with  the  makers.     Kig.  22  ebows  a 

1  for  locomotives.       It  is  so 

Instructed  Uiat  it  cnii   he  sep- 

nted  for  the  piir[)03e  of  repiwk- 

ing  the    working  parts  without 

dettichment    from     the     boiler. 

The    one    shown     in     Fig.   23, 

largely      on     stjitionary  Fig.  23. 

Lers,  is  made  l)oth   with    and  without  packing. 

Thei'e  are  usually  three  cocks,  one 
]jlaced  at  the  highest  position  that  it  is 
desiiud  to  have  the  water  level,  one 
I  placed  at  the  lowest  position  and  the 
other  lialfway  between.  For  greater 
accuracy  more  cocks  iimy  be  used.  The 
l)osition  of  the  water  level  is  determined 
by  trying  the  cockH.  If  steam  escapes 
from  the  highest  one,  and  water  from  the 
next,  the  water  level  is  evidently  between 
the  two. 

In  flat  ended,  multitubular,  flue  and 
murine  boilers  the  cocks  are  usually 
placed  on  the  /nrnt  end.  If  the  boiler 
is  encased  In  brickwork  above  the  water 
level,  the  wiit«r  level  is  found  by  con- 
necting the  cot'ks  with  the  boQer  by 
means  of  anudi  inyiea, 

Qage  Glasses.     In  order  that  the 

firemiin  may  know  the  water  level  without 

■1  trying  the  (.^ix^ks,  a  water  gage  glass  is 

fused.     It  consists  of  a  strong  gliiss  tube 

alxjut  one  foot  in  length  ha\'ing  the  ends 

connected    to    tlie    boiler    by    suitable 

fittings.     As  both  ends  of  the  tul>e  are 

in  communication  with    the  boiler,   the 

water  level   in   the   glass   will    be  the 

be  as  that  in  thf  ixjilcr.  and  is  always  In  sight.     Fig.  24  show^ 


Fig.  (4. 
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a  good  form  of  gage  glass.  The  glass  is  protected  by  rods  which 
are  parallel  to  it.  As  tlie  glass  frequently  needs  cleaning,  repack- 
ing, or  HMiewing,  cocks  are  provided  for  shutting  off  communica- 
tion with  the  l)oiler.  A  drain  cock  also  is  placed  at  the  lower  end 
to  empty  the  ghuss  when  the  attendant  wishes  to  ascertain  whether 
the  glass  is  wt)rking  properly  or  not.  The  drain  cock  is  often 
provided  with  a  drain  \)\\)e.  The  steam  and  water  passages  should 
be  at  least  one  half-inch  in  internal  diameter. 


f^^=z^=^ 


r^ 


\^ 


Tlie  ^lass  is  likely  to  break,  becauHc^  of  accident  or  uneqiwl 
tenuMMatiirc.  To  prevent  serious  injury  to  the  fireman  and  k)ss 
of  water  as  a  result  of  the  breaking  of  the  gsige  glass,  automatic 
valrcs  are  placed  in  the  passages.  In  Kig.  25  the  ball  valve  is 
showu  in  detail.  If  the  ghss  breaks,  the  ])ressure  of  the  steam 
drives  the  ]>all  outward,  tilling  tlie  eoni(?al  passage.  When  a  new 
gliiss  is  })ut  in,  the  balls  are  forced  back  by  slowly  screwing  in  the 
stems.  This,  like  other  saf(»ty  devices,  is  very  likely  not  to  work 
when  it  should. 

In '.boilers  where  the  steam  spaee  is  small,  as  in  locomotives, 
the  allowabl(»  variation  of  water  level  is  slight,  but  the  greater 
care  with  which  the  glass  is  watched  makes  up  for  tlie  small 
margin  of  safety.     If  dirty  water  is  used,  or  if  the  water  foania, 


^T* 


BOILER  ACCESSORIES.  27 


the  level  in  the  glass  will  he  unsteady  and  unreliable,  since  dirt 
clogs  the  passages,  unless  they  are  large,  and  the  foaming  causes  a 
fluctuation  of  the  water  level.  A  small  pipe  connecting  with  the 
steam  space  where  no  ebullition  occurs  will  insure  a  steadier  water 
level.  If  the  steam  and  water  connections  are  long,  tliey  should 
be  made  large. 

Two  water  gages  should  be  used  on  every  boiler,  one  as  a 
check  on  the  other,  and  also  for  use  if  one  breaks.  They  should 
be  placed  at  the  furnace  end  of  the  boiler  in  order  that  they  may 
be  etusily  seen. 

There  are  numerous  arrangements  for  indicating  the  water 
level  by  means  of  floats.  The  most  common  is  the  counterbalance 
and  pulley.  Sometimes  a  whistle  is  attached  to  the  float  which 
gives  warning  when  the  water  level  becomes  dangerously  low. 
In  using  a  float,  the  wire  should  never  be  made  of  iron,  as  it  is 
liable  to  corrode,  nor  should  it  be  large  as  it  is  more  difficult  to 
pack  and  more  likely  to  be  bent  permanently.  When  carefully 
made  and  attended,  floats  are  reliable  water  indicators.  There 
should  always  be  two,  one  at  each  end  of  the  boiler. 

STEAH  AND  VACUUH  GAGES. 

The  steam  pressure  in  the  boiler  Ls  measured  in  pounds  per 
square  inch.  When  we  say  the  boiler  is  working  or  steaming  at 
80  pounds  pressure,  we  mean  that  the  gage  pressure  is  80  pounds, 
that  is,  the  pressure  in  the  boiler  is  80  pounds  above  atmospheric 
pressure.  It  could  be  measured  by  a  water  or  mercury  column, 
but  as  they  would  need  to  be  very  high  to  measure  the  pressures 
used  at  the  present  day,  they  are  not  practicable.  A  spring  pres- 
sure gage  is  used  instead. 

Although  not  absolutely  necessary  for  safety,  it  is  very  desir- 
able tliat  every  boiler  have  a  reliable  steam  gage  to  indicate  the 
steam  pressure. 

The  dial  gage,  now  used  almost  universally,  was  invented  by 
M.  Bourdon.  It  is  designed  with  reference  to  the  principle  that  a 
flattened,  curved  tube  closed  at  one  end,  tends  to  become  straight 
when  subjected  to  internal  pressure. 

The  tube,  which  is  usually  oval  in  section,  is  bent  into  the 
arc  of  a  circle  as  shown  in  Fig  26.     One  end  is  fixed  and  is  in 
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The  pipe  which  couuects  the  pressure  gage  to  the  boiler  shi  mid  have 
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Hiioiild  be  pluced  where  the  water  in  the  coiled  pipe  will  not 
freeze  ;  also,  the  (^"ge  should  not  l»e  exj>osed  to  strong  heat.  In 
onlcr  that  tlie  gage  iiiiiy  be  removed  from  the  Iwiler,  for  exaniina- 
lion,  repairs,  or  culibration,  when  the  boiler  is  under  pressure,  the 
connection  should  l)C  provided  witli  stop  cocks. 

In  a  biittery  of  boilers,  each  should  have  its  pressure  J^ge. 
It  sliould  be  connected  dlrectl}'  to  the  boiler,  not  to  the  sti-uni 
pipe. 

FUSIBLE   PLUQS. 

Fusible  plnjjK  are  fi-eipiently  inserted  in  the  plates  ot  lioilers 
as  a  safeguard  iigaiiiwt  cullajwe  of  tin-  furnace  crown.  They  con- 
sist of  a  core  of  an  iili<)y  of  tin,  lead  and  hisnnith,  and  a  covering 
of  briiMs  or  cast  iron.  While  the  alloy  is  kept  at  a  i  oni[»«ratively 
low  tein[ierattire  by  the  water  on  one  side,  the  lire  on  the  other 
will  not  melt  it.  lint  wlien  the  wat<'r  level  U'conies  low  enoiigh 
Ui  leave  the  jilng  inicoveivd,  the  tore  of  idio\,  haiing  a  low  melt- 
ing (Hjint.  is  expected  to  fuse,  thus  lehcving  the  pressure  in  the 
boiler  and  extingnisliing  the  fin-.  Fuhible  plugs  are  imreliablc; 
blowing  out   when   tJierc   is  iio  app<irent   canse,  ami    sometimes 


B'lnainin^r  jjitacl  wlieii  tli 
ing  of  hard  scale  is  allow 
stand  considenible  pres; 
incited.  The  nature  of 
exiwsed  to  heat  for  a  eon 
Fusible  plugs  should 


■  ]ilaio  iwcomc  o\ erlie.tt*'d.  If  a  cont- 
'd to  foini  over  the  fiuiible  plug,  it  raay 
are  fven  after  the  alloj  has  becoaie 
tlie  fnsilile  alloy  may  change  if  it  is 
idcr.ible  tune. 

he  {.leaned  from  soot  and  dirt  and  tin' 
surface  scraped  fieqni-utly.  'I  hey  should  be  lenewed  every  ihiw 
or  four  months  that  no  change  may  tiikc  place  in  the  nature  of 


BOILER  ACCESSORIES.  SI 

the  alloy.  The  fumble  plug  should  be  mude  of  hhcIi  shape  that 
when  Bcrewt'd  into  the  ci-own-alicet  it  projects  one  and  a  half  or 
two  iuehea  ahuve  the  plates,  so  that  when  the  iilloy  molts  there  will 
still  be  sufficient  depth  of  wnter  over  the  exposed  plates  to  pre- 
vent injury  from  heat.  The  core  is  often  made  annular  with  a 
co[nxT  center,  TJiis  gives  a  very  lai-ge  oi<ening.  Sometimes  tlie 
core  is  covered  with  a  thin  copjH'r  cap,  shown  in  l-'ig.  31,  which 
protects  the  alloy  from  contact  with  the  wiiter,  thus  preventing 


chemical  change  and  the  formation  of  scale.  Kiy.  3-  re|)reseiits  a 
fnsihie  plufi  in  the  crcwn  sheet  of  a  lire-U>\  hoil.-i. 

Fusible  plugs  ai-c  placed  in  the  phites  whiih  arc  direitly 
exjHised  to  great  heat.  The  following  are  simie  of  the  pl.ires 
where  a  fusible  plug  is  used : 

In  the  crown  sheet  of  a  hjcomotive  fire  iwx. 

In  the  lower  tnlw  sheet,  or  a  little  above  the  crown  sheet,  in 
one  of  the  tubes  of  a  vertical  boiler. 

In  the  bjiok  head  <)f  a  cylindrical  tubular  boiler,  alK>iit  three 
inches  above  the  ti>p  row  of  tnln'a. 

In  the  lower  portion  of  the  upper  drum  of  a  wati-r  tube 
ootler. 
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It  diH>B  nut  iicceesarily  follow  that  a  liule  one  lialf  or  three 
fourths  incli  in  dLiiuelei'  will  liberate  steam  fast  enough  to  pre- 
vent excess  of  pressure.  If  a  small  quantity  of  steam  is  intro- 
dueed  into  the  fire  l>ox,  the  fire  may  brighten  and  the  lieat  of 
combustion  l>e  greatly  increased,  because  the  steam  will  liave  an 
effect  similar  to  that  of  forced  draft.  If,  howeTer,  the  quantity 
of  escaping  steam  and  water  is  considerable,  combustion  will  be 
retarded  smd  prfssuri,'  relieved. 


STEAM   SEPARATORS. 


The  water  mirfac 
ftft  tligriiffaffetiii'iil  < 
watcr-tulio  boilers  are 


(■  (tf  a  boiler  may  not  be  suflicient  for  the 
if   steam,  and  so    cause  wet  iteam.        Some 
defective  for  this  reason.     If  steam  is  car- 
ried for  some  distance  in  a  pipe,  some  of 
it  will  be  condensed,  and  the  water  ac- 
cumulating in  a  joint  or  sag  in  the  pipe, 
is  carried  over  to  the  engine  when  tlie 
pressure  in  the  pipe  increases  slightlv- 
This   is   likely  to   cause   injnri/  to  the 
I'ngine,  besi<lea I)eing  uneconomical.    The 
amount  of  water  thus  formed  in  the  pipe 
is  greatly  reduced  by  superlieating  the 
steunt.     If  it  is  undesirable  or  inoonven- 
ii'iit  to  suj>erlieat  tlie  steam,  there  lire 
si'venil    wiiys   to  remove  the   water  of 
c<nideus;itio]i.     One  method  is  to  let  the 
stcuin  come  to  rest  in  a  drum  of  eonsider- 
able  si/.i- ;  the  water  is  drained  from  the 
drum  anil  the  Rteani  flows  from  the  top 
by  a  pi|>e.     If  the  drum  is  small  tlie 
steam   may   not   come  to  rest  and  the 
water  will  not  separate  from  the  steam- 
Another    method   is  the  use  of  n 
steam    separator.     There    are    several 
forms  which  are  designed  from  the  prin- 
ciple that  if  the  direction  of  a  current  is  suddenly  changed,  or  if  it 
goea  downward  then  upward  the  water  will  separate  from  the  steam 
and  fall  to  the  bottom. 


Fig.  33. 
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In  the  Stratton  separator.  Fig.  33,  the  steam  enters  at  one 
I  of  a  cylinder,  Sows  downward  and  then  upward  through  a 
pipe  in  the  middle.     Dry  steain  e-icapes  from 
I  a  pipe  near  the  top  on  the  opposite  side  from 
which  it   enters.     The    sepstrated    water    is 
.^drained  at  tlie  Uittom. 

The  t'ochraiie  steam  separator,  shown  in 


\^ \U1 


section  in  Fig.  S4,  is  of  the  Imffle  plate  t>-pe. 
The  hranclies  for  tlie  entrance  and  exit  o/ 
the  steam  project  from  each  aide  nf  the  epheii- 
cal  head.  Another  branch  from  the  Ixittom 
provides  for  connection  with  tlie  well.  The 
is  east  us  a  part  of  the  head,  is  rihbed,  or 
ports  at  each  side  [or  the  pawsage  of  steam. 
;  ports  is  large  to  prevent  loss  hy  friction.  A 
small  pipe  is  inserted  in  the  lower  plate  of  the  outlet  side  of 
the  baffle  plate  to  diuin  any  condensation  in  the  outlet  chamber. 
Steam  entering  at  the  left  hand  ojjening  strikes  the  IwtUe  plate 
and  passes  to  the  outlet  chaml>er  hy  means  of  the  two  aide 
Bho«-n  in  the  plan  of  p'ig.  34, 

1  is  fitted  to  the  main  steam  pipe 
Fig.  36.     Steam  enters  at  A  and 


f  separator  wl 
le  is  shown  i 
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strikes  the  dash  plate  K;  any  water  coming  with  the  steam  is 
separated  and  falls  to  the  bottom.  The  steam  takes  the  directioD 
indiiiittMl  by  the  arrows  and  flows  out  at  I).  This  separator  w 
fitted  with  a  gage  glass  which  is  similar  to  a  lx)iler  gage  glass. 

STEAM   TRAPS. 

Steam  traj)s  are  U8(»d  to  drain  wat+'r  from  steam  pipes.  Traj« 
usually  consist  of  a  vessel,  or  receptAcle,  into  which  water  drains, 
"^riie  exit  is  a  valve  controlled  by  a  float,  which  arrangement 
allows  water  but  not  st<»ain,  to  pass. 

In  the  float  trap  shown  in  Fig.  IW  the  float  rises  and  falls 
with   the   change  in  the   level   of  the   water.     When   the   water 


Fig 


I.  ">'». 


level  rises  above  a  certain   ])()int,  the   float  o|H»ns  the  discharge 
valve.     The  trap    sliown   in    Fig.   'M  is  similar,  the  float   being 


lij.  .»<  . 


replaced  by  a  weight  W  which   is  nearly  counterbalanced  bv  the 
Nveiglit  T.      Th(»  rising  of  W  opens  the  valve  V. 

There  arc  other  forms  culled  bucket  traps.  In  the  one 
shown  in  Fig.  oH  the  water  enters  at  \V.  While  there  is  a  littie 
water  around  the  bucket  F,  it  floats  and  the  valve  V  is  closed, 
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but  when  the  water  rihea  high  enough  to  flow  over  the  edge,  the 
weight  of  witer  in  the  bucket  causes  it  to  Bink  ind  opens  the 
valve  V.     Water  k  forced  up  th<  passage  M  and  out  the  pipe  N 


of  the  witer  wliich 


Fls   38 
by  the  pressure  of  the  »>teani  on  the  i 
surrounds  the  htickefc 

Another   form    of    trap   called   the   diffetential   steam    trap 
depends  upon  a  heid  of  witer 
acting  on  a  flexible  duphngni 
\\'ati'r   enters  at    either  top  tir      // 
bottom  by  thi  pij^s  I-,  l*ig   i**      [(  l~ 

Wlien  the  water  leieliiBesitfiHs     Xy     ' 
the  chamber  (.  and  the  pipe  A  U-*IpS 

This  causes  a  pressure  on  the 
under  side  of  the  dlajthragrn 
gresiter  than  tliat  caused  by  the 
spring  11,  which  acts  on  the  u]>- 
pcr  aide  of  the  diaphragm  and 
tends  to  open  the  valve.  When 
the  water  rises  and  fills  tlic 
chamber  J  so  as  to  flow  down 
the  jiijie  M,  the  water- pressure 
on  the  iipf>fr  and  lower  side 
of  the  diaphragm  will  tw  equal 
because   the  head   of   water   in 


FlK.  39. 
M  is    practically   the    aame 
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tlijit  ill  N.  'I'hfii  tiic  si>riiitl  "'iH  ojioij  tlie  valve'  P  and  wattr 
will  1n>  ilisi-Iiiki^rcd  from  the  pi^tc  I.  Wlien  the  licad  in  M  f:dK 
till'  jirt-ssurc  (in  tht*  under  side  nf  tliu  diaphragm  liecomea  greater 
and  the  vidve  closes. 

Return  Traps,  'i'mjin  that  an>  iisod  for  returning  wat^r  of 
cnndonsation  tn  tin-  l><>ili-r  an:  oulled  it-tnro  trsi>s.  There  is  n 
variety  of  fnnn,  l>nt  tlic  {)rin<-i)ilc  of  aetion  in  similar  and  is  shown 
in   Viff.  40.     It  rf[ii'i-s<>nt)i  tin-  IxiiW  and  T  the  trap,  which  is 
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[iljufil  a  f.-«-  f.-i-t  al>ov<-  tlir  iHiilir.  Tlie  trap  is  supplied  1 
st<-ani  frojii  iij<'  hn]\,;:  It  is  also  roiiiH-iti'd  with  the  hoiler  h^ t 
pipe  I'  in  wliirli  is  a  ihcik  viilvc  at  C.  Water  of  condensation 
enters  tlie  tiap  tliniiif:Ii  tlje  pipe  K,  in  wliieh  is  a  clieck  "vaUe  H, 
i.ntil  it  MMelics  a  ilcptli  KiiDieiei't  In  raiso  the  float  F,  which  open* 
thf  lialanccil  sti'iiin  valve  V.  calleil  nil  equalizing  valve.  Steam 
fitiiii  the  liniler  then  entei's  the  trap  and  equalizes  the  pressure. 
Sinee  the  piessiires  jire  equal,  vvaliT  in  the  1rai>.  hcovUHe  flf  its 
lieijrlit  iihiive  tln'  water  level  of  the  l)oiIer,  will  flow  to  the  hoiler 
nnlil  the  level  in  the  pijie  I'  is  nearly  ihe  Siinie  as  the  water  level 
of  the  hoiler.  .\«  the  water  level  in  the  tnip  fiilK  the  float  F 
iliiijis  an<l  the  e(|ualizinjr  valvi-  is  elosed.  In  other  forms  buckets 
aiv  used  instead  of  Ih.ats. 

Steam  Domes.     Steam   domes  or  chamhers  are  attached  t« 
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boilers  for  the  purpose  of  obtaining  dry  steam  and  as  a  remedy  for 
priming.  They  are  supposed  to  l)e  reservoirs  to  store  a  supply  of 
steam,  that  may  meet  any  sudden  demand.  The  cutting  away  of  a 
large  piece  of  plate  weakens  the  boiler  considerably.  Domes,  if 
used,  should  be  as  small  as  convenient  and  the  boiler  plates  around 
the  hole  should  be  strengthened  as  for  manholes. 

SUPPORTS. 

There  are  two  common  methods  of  supporting  boilers  ;  1.  By 

means  of  brackets  ;  2,  By  suspending  from  wrought  iron  beams. 

If  the  boiler  is  about  15  feet  long,  it  is  customary  to  use  two 
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Fig.  41.  Fig.  42. 

brackets  on  each  side.  Jf  more  than  15  feet,  three  on  each  side 
are  used.  The  front  brackets  rest  on  the  brickwork,  but  the 
others  rest  on  small  iron  rollers  to  allow  for  expansion.  Brackets 
are  so  arranged  that  the  plane  of  support  w^ill  l>e  a  little  above  the 
middle.     There  are  several  forms  of  brackets.     The  form  shown 


o 


Fig.  43.  Fig.  44. 

in  Fig.  41  is  usually  made  of  cast  iron  and  is  provided  with  rivets 
above  the  flange  of  the  bracket.  It  is  l)etter  to  have  the  rivets 
boUi  aijove  and  below  the  flange  as  shown  in  Fig.  42. 


888 
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Fig.  43  shows  the  niethixl  of  sus|)eiKling  from  1:)eams.  The 
lug,  made  of  wrought  iron,  is  riveted  to  the  plates  of  the  boiler.  A 
l)olt  liaving  one  end  ]x»nt  like  a  hook  holds  the  lug  from  the  beam. 
In  Fig.  44  the  lug  is  replaced  by  a  loop  of  wrought  iron.  Fig.  45 
dhows  another  method  of  suspension ;  the  connection  between  the 


Fiij:.  4:.. 


Fisr.  40. 


rod  and  lM)iler  plates  Ix'ing  short  pieces  of  l)oiler  plate  arrange»d 
for  il(»xi]>ilitv. 

When  the  l>oiler  is  of  small  diameter,  it  may  l)e  suspended  as 
shown  in  Fig.  4<). 

MANHOLES   AND    HANDHOLES. 

A  manhole  allows  access  to  the  l)oiler  for  cleaning  and 
repairs.  It  is  usually  elliptical  in  form  and  large  enough  to  admit 
a  man.  AlK)ut  !<>  inches  for  tlu*  major  axis  and  I'l  for  the  minor 
axis  is  a  good  size.  The  manhole  is  closed  by  a  plate  or  cover 
made  of  cast  or  wrought  iron.  This  phite  is  hehl  t<^  the  seat  by  a 
yoke  ()r  yokes,  and  IkjUs.  Fig.  47  shows  one  form,  Y  being  the 
yoke,  L  the  cover  and  N  tin*  bolt.  The  joint  between  the  cover 
and  the  shell  is  made  st<*am  tight  by  packing. 

The    strength  of   the   manhole   is  imj)ortant.     Wherevei  a 
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large  hole  is  cut  in  the  plate  the  edge  should  he  strengthened,  for 

the  tension  is  concentrated  there  and 

the  i)latt*s  are,  moreover,  likely  to  l)e- 

come  weak  hy  corrosion.     The  strain 

put  uj)on  the  plate  by  screwing  up  the 

cf)ver  is  considerable,  especially  if  a 

piece  of  scale  gets  between  the  faces, 

and  the  joint  is  then  made  tight. 

Fig.  48  shows  the  section  of  a 
strong  and  shnple  manhole.  The 
edge  of  the  plate  is  strengthened  by 
a  broad  ring  of  steel.  The  ring  is 
flanged  and  riveted  to  the  shell,  its 

edge  forming  the  seat.       The  cover  *'*• •'"' 

as  shown  in  the  figure  is  shaped  for  ^^S-  *7. 

strength.  The  edge  of  the  ring  which  forms  the  seat  and  the 
cover  are  machined  to  make  a  tight  joint  without  packing.  The 
strengthening  ring  should  be  at  least  |  of  an  inch  thick  and  4 
inches  wide,  that  the  rivet  holes  may  not  be  too  near  the  edge. 
The  rivets  should  have  a  pitch  of  about  3  inches. 


Fig.  48. 

Handholes  and  mudholes  are  more  commonly  placed  in 
boilers,  which  are  so  constructed  that  a  man  cannot  enter;  in  a 
vertical  boiler  for  example.  They  are  used  to  some  extent  in 
other  boilers ;  in  horizontal  return  tube  lx)ilers  there  is  usually  a 
handhole  in  each  end  near  the  l>ottom.  Handholes  are  very  con- 
venient to  admit  hose  for  washing  out  the  boiler,  also  for  remov- 
ing scale  and  sediment.  Handholes  are  similar  to  manholes  in 
construction,  but  require  only  one  yoke  and  one  bolt  to  keep  them 
in  place.  Mudholes  should  be  provided  in  order  that  the  sediment 
and  detached  scale  may  be  removed  without  lifting  it  to  the  top 
manhole.  Mudholes  and  handholes  greatly  facilitate  cleaning  the 
fire-box  water  leg  of  locomotive  and  small  vertical  boilers. 
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FEED  APPARATUS. 

There  is  a  groat  diffen^nce  of  opiuion  as  to  where  the  feed 
water  should  be  intnxlueod  into  a  boiler;  although  in  common 
practice  it  is  admitted  at  the  rear,  near  the  bottom.  The  best 
place  depends  upon  the  armngement  of  the  heating  surfaces. 
Whatever  may  Ini  the  saving  by  introducing  it  at  some  particular 
l)oint,  there  are  practical  considenitions  that  must  not  be  over- 
look etl.  If  the  entering  Avater  is  of  high  temperature,  it  makes 
less  difference  where  it  is  intrcKluced. 

In  externally  fired  lK)ilers,  the  feed  j)i|>e  is  sometimes  intro- 
duced at  the  top  and  extt^nded  downward  to  within  a  few  inches 
of  the  l)ottoin.  if  the  water  is  cold  and  the  plates  near  which  it 
is  delivered  are  hot,  this  ])ractice  is  dangerous,  as  the  sudden 
chilling  of  the  hot  plates  causes  leaking,  rupture,  etc.  If  the  pipe 
is  cut  off  so  that  there  is  about  two  feet  between  the  Iwttom  of 
the  boiler  and  the  end  of  the  pipe,  the  injurious  effects  are  dimin- 
ished. Another  plan  is  to  iix  a  vessel  under  the  end  of  the  feed 
pipe.  Water  is  bettei  distributed  as  it  flows  over  the  top  of  the 
vessel,  which  niav  also  be  us(m1  as  a  mud  drum  or  sediment  col- 
lector.  It  is  a  good  plan  to  admit  the  feed  water  by  a  horizontal 
j)ipe,  entered  at  eitlu^r  tube  plate  a  few  inches  below  the  low 
water  level,  and  terminated  in  a  trough  or  a  perforated  pi[)e  of 
large  diameter.  Tliis  metliod  distributes  the  water  and  allows  it 
to  become  wanned  before  it  reaches  the  lK)ttom. 

In  internally  fired  boilei-s  of  the  Cornish  and  Lancashire  type, 
the  feed  is  usually  delivered  near  the  l)ottom  by  a  horizontal  pipe 
through  the  front  end  plate,  or  by  a  vertical  pipe  through  the 
crown.  If  tli(»  feed  water  is  admitted  near  the  bottom,  it  has  a 
tendency  to  remain  there  and  increase  the  amount  of  dead  water 
tliat  remaiiis  cold  Iwcaiise  of  ])oor  circulation. 

By  introducing  it  at  a  high  p(unt  the  circulation  is  improved 
since  the  cold  water,  being  lu*a\  ier,  descends.  Temperatures  also, 
are  equalized  by  tin*  heating  of  the  water  during  its  ffiU.  There 
is  another  reason  whv  it  is  advisai)le  to  introduce  the  feed  water 
a  few  inches  below  the  low  water  level.  If  a  chip  or  piece  of 
scale  lodges  on  the  s(»at  of  the  che<?k  valve  and  it  fails  to  work,  the 
boiler  mav  U»  drained  should  the  feed  pipe  enter  ne»r  the  bottom. 
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By  making  the  internal  feed  pipe  of  considerable  length,  the  water    r 
is  warmed  before  it  mixes  with  the  hot  water  in  the  boiler. 

In  internally  fii-ed  vertical  boilers,  the  feed  pipe  is  short  and 
enters  just  l)eIow  the  water  level. 

With  feed  water  containing  a  large  per  cent,  of  bi-carbonate  of 
lime,  the  feed  pipe  should  terminate  in  a  trough,  or  a  pipe  of 
large  diameter  with  the  upper  side  cut  away.  If  a  perforated 
pil>e  is  used,  the  small  holes  ai-e  likely  to  be  clogged  by  the  rapid 
precipitation  of  lime. 

The  feed  supply  shouhl  always  Ik;  regulated  to  keep  the 
w^ater  level  as  nearly  stiitionary  as  possible.  It  is  more  economi- 
cal and  far  better  for  the  boiler,  than  to  wait  for  the  water  level  to 
fall  and  then  feed  a  few  inches  rapidly.  The  sudden  introduction 
of  a  large  volume  of  water  causes  contraction  of  the  plates,  leakage 
and  necessitates  rapid  firing. 

The  introduction  of  feed  water  at  a  high  temperature  in- 
creases the  economy  and  tends  to  prolong  the  life  of  the  boiler. 
The  increase  in  economy  may  be  shown  by  a  few  figures. 

Suppose  thQ  steam  pressure  in  a  certiiin  boiler  is  100  pounds 
by  the  gage  and  the  feed  water  enters  at  60 '^  F.  What  will  be 
the  |)er  cent  gain  if  the  feed  is  heated  to  210°  F.  ? 

The  number  of  heat  units  required  to  convert  a  pound  of 
water  at  a  given  temperature,  into  steam  at  a  given  pressure,  is 
equal  to  the  difference  in  the  total  heat  of  the  water  and  steam. 
Fi-om  the  definition  of  B.  T.  U.  we  see  that  the  total  heat  in  one 
pound  of  water  at  60^  F.  is  equal  to  60  —  32  =  28  B.  T.  U. ; 
32**  l)eing  the  freeziiig  point.  The  total  heat  in  one  pound  of 
steam  at  115  jK)unds  absolute  pressure  is  1,185  (see  3d  column  of 
steam  tables,  page  110.)  The  difference  between  these  two 
total  heats  is  1,185  —  28  =  1,157  B.  T.  U. 

In  using  the  steam  tables  always  convert  gage  pressure  into 
absolute  pressure  by  adding  15  pounds.  Hence,  the  absolute 
pi-essure  of  100  pounds  (gage)  is  115  pounds. 

If  the  water  is  heated  from  60°  F.  to  210°  F.,  the  number  of 
B.  T.  U.  gained  by  heating  is  210  —  60  =  150.  The  gain  in  per 
cent  would  be, 

.^1^  =  .18  (nearly)  or  13  per  cent. 


887 
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The  iiijiirioiis  effects  fiTJiii  iiiie({ual  expansion  are  diminished, 
and  when  the  f^ed  is  Wiiniied  Ijy  exhaust  steam  or  the  wastA  gases, 
the  saving  of  fuel  in  con.sidei'able. 

Tliera  are  sevenil  ways  nf  heating  the  feed  water,  la  con- 
densing engines,  the  hot  n'ater  from  the  hot  well  is  used;  the 
tem]>erature  in  the  well  l»eing  from  100°  to  140°  F.  With  a  non- 
condensing  engine,  the  feed  water  may  he  heated  by  tlie  ezluiust 
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steam,  or  hy  the  wn.ste  giiscs  from  tlie  cliimney.  Tiie  apparatus 
nsed  to  lieat  feed  water  hy  exlianst  steam  are  called  feed  water 
beaters;  those  which  utilise  Wiustc  gases  are  called  economizers. 

There  are  two  typc's  of  heaters.  Tlie  open  and  tlie  closed. 
In  the  open  hoatpr  the  stctim  niises  the  temperature  of  the  water 
by  mingling  witli  it,  tluit  ih,  by  direct  contact.  The  closed  type 
of  heater  resembles  a.  siufacc  condenser ;  the  exhaust  steam  siw 
rounds  C(ij>per  or  brass  tubes  which  ctrntain  water,  or  the  water 
rii-ciilates  aliout  tubes  throngli  which  steam  jtasses.     Fig,  49  sliows 
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a  feetl  water  heater,  of  the  closed  type,  the  exliaust  steam  heating 
the  feed  water  within  the  tubes.  The  heater  shown  in  Fig.  50, 
is  of  the  open  type,  tlie  feed  water  becoming  heated  and  depositing 
sediment  while  flowing  from  one  tray  to  another. 

The  Cochrane  heater,  Fig.  51,  is  a  combined  Iieater  and 
purifier.  It  is  of  the  open  Iieatet-  tyi>e.  The  water  entei-s  at  the 
top  and  flows  in  a  thin  sheet 
over  a  series  of  trays.  The 
exhaust  steam  enters  through 
the  oil  scpamtor  and  rises 
among  the  tniys,  heating  tite 
water  to  about  210°F.  The 
action  is  similar  to  that  of  a 
jet  condenser.  Tlie  gases  in 
the  feed  water  are  liberated 
by  the  heat  and  escape  into 
the  atmosphere.  The  min- 
eral impurities  in.  solution, 
which  cause  scale,  ure  jire- 
cipitated  by  the  beat  and  are 
deposited  en  the  trays  instead 
of  on  tlie  plates  and  tid»es  of 
the  boiler.  The  impurities, 
mud,  clay,  ct<!.,  which  full 
while  the  water  is  at  i-est, 
settle  liecanse  of  the  birge 
surface  and  consequent  slight 
velocity.  Coke,  hay,  etc., 
are  used  for  filters;  the  heater 
being  constructed  so  that  the 
hay  or  coke  will  not  enter  the 
pump.  The  impurities  havingh 
collect  at  the  surface  and  are 
the  advantages  claimed  for  this  lieater  are:  1.  The  amount  of 
cold  water  that  can  1m^  heated  is  limited  only  by  the  quantity  of 
exhaust  steam.  S.  AH  the  condensed  exhaust  is  used  I)eciuise  the 
oil  is  separated.  3.  It  can  be  constnicted  of  cast  iron,  which  is 
cheap,  durable,  rarely  pits,  and  resbts  corrosion.     4-  His  not  likely 


88  specific  gravity  thiin  the  water, 

removed  by   flushing.     Some  of 
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to  crack  or  leak,  becaiuse   the   intemul   pressure  is  mely   more 
tlian  one  {toiind  above  atmospheric  pressure. 

PUnPS   AND   INJECTORS. 
Every  ]ioil<'r  should  hiive  a  reserve  apparatus  for  pomping,  or 
iiijei-tiiig  the  feed  wat*'r. 

Boilers  are  usually  fed  hyu 
small  direct-acting  steam  pump 
.  plaoecl  near  the  boiler.  Although 
'  these  pmii[i6  require  a  large  steam 
siipuly  imr  horse-power  per  hour. 
^  the  tot^il  iiiuoiint  of  st«ani  used  is 
t  sniiill  liecuuse  the  work  done  is 
small.    A  more  economical  pump 
-  is  tlie  jnnver  pump  driven  by  the 
large  steam  engine ;  hut  the  rate 
^'s-  ^^  at  which  water  is  supplied  is  not 

easily  regiihit<'d  tn  the  denuind  of  the  l»oi]er.  They  are  usually  ar- 
ranged to  jiiiDip  11  larger  <)uantity  of  water  than  is  required;  the 
excess  being  iilh.w.-.l  t.i  llnw  liai-k  iiitotli.-  hiiclin 
pipe  throufih  a  relief  vulve.     The  imiiijj  slm 


adapted  for  feeding  Iroiiers. 

the  section   of  a  duplex 

pump.     The  action  of  each 

i-iPiitmlled  by  valves  drives 


in  Fig.  ;>-  is  wel 

In  Fig,  ;")3  is  k1i 

Worthiiigloii  sti' 

is  siitiilar,      Steaj; 

tbopisti.iiid  tlie 

st-'am    cylinder, 

which  moves  the 

plungrr    in    the 

water    cylinder, 

sinec    Ixith    ar.' 

fiustened   to    the 

name  rod.      The 

niovenientoflhe 

plunger  forces  a 

part„[.l„.»-:,t„r  ""■"■■ 

in  fr.int  of  itnp  tliroupli  tlie  valvet*  into  the  air  chamber  and  through 

the  |tpes  into  the  Uiiler,      On  acc<nnit  of  the  [>artial  vacuum  caused 

by  the  movement  of  the  plunger,  water  will  be  drawn  from  the  suction 
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pipe  through  the  valves  into  the  pump  cylinder,  filling  the  space 
left  by  the  movement  of  the  plunger.  During  the  return  stroke, 
this  water  is  forced  up  into  tlie  air  chamber  and  a  like  quantity 
enters  the  otlier  end  of  the  pump  cylinder.  The  valves  are  kept 
on  the  seats  by  light  springs,  until  the  pre&sure  on  tlie  l)ottom  side 
is  sufficient  to  lift  them  and  allow  water  to  flow  through.  When 
two  pumps  are  placed  side  by  side,  and  have  a  common  delivery 
j)ipe,  the  machine  is  called  a  duj^lex  i)ump.  It  Ls  usual  to  set  the 
steam  valves  so  that  when  one  piston  is  at  the  end,  the  other  is  at 
the  middle  of  its  stroke.  A  duplex  pump  having  a  large  air 
chamber  and  valves  set  to  act  in  this  manner  delivei*s  water  with 
an  approximately  constjint  velocity. 

Water  may  \yo  forced  into  a  l)oiler  by  injectors,  or  inspirators. 
By  means  of  this  instrument,  the  energy  of  a  jet  of  steam  is  used 
to  force  the  water  into  the  boiler.  That  there  is  sufficient  energy 
to  do  this  work  Ls  evident  from  the  fact  that  each  jwund  of  steam 
in  condensing  gives  up  966  B.  T.  U.  and  a  B.  T.  U.  Ls  equivalent 
to  778  foot-pounds.  All  the  energy  of  the  jet  of  steam  is  not 
used  in  forcing  water  into  the  boiler ;  some  is  wasted  and  some 
is  used  to  \eat  the  feed  water. 

The  action  of  the  injector  is  briefly  as  follows.  The  steam 
escapes  from  the  boiler  with  great  velocity,  and  as  it  passes  tlirough 
the  cone-shaped  portion,  draws  air  along  with  it  and  thus  creates 
a  partial  vacuum  in  the  suction  pipe.  Atmospheric  pressure  forces 
wat^r  up  into  the  suction  pipe,  and  tiie  jet  of  steam  which  it  meets 
is  partly  condensed.  The  energy  of  the  jet  carries  the  water  along 
with  it  into  the  boiler. 

Experiments  show  that  the  injector  if  considered  as  a  pump 
has  a  very  low  efficiency.  When  used  for  feeding  a  l)oiler  it  has 
a  thermal  efficiency  of  nearly  100  per  cent.,  since  all  the  heat  of 
the  steam  passes  to  the  water  except  tlie  slight  amount  lost  in 
radiation.  The  pump,  however,  has  one  great  advantage  over  the 
injector ;  it  can  force  hot  water  from  a  heater  into  the  boiler,  while 
an  injector  can  be  used  only  with  cold  or  moderately  warm  water. 
Figs.  54  and  55  show  the  interior  section  and  exterior 
of  a  Hancock  Inspirator.  To  inject  water  to  the  boiler,  first 
open  Overflow  valves  1  and  3,  close  valve  2  and  open  Starting 
Vftlve  in  the  steam  pipe.     When  the  water  appears  at  the  Over- 
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fliiw  ilos.'  1,  ojitii  '1  oiip^j iiartor   ti:rn  and   tb«ii  i-lnse   3, 
inspinibtr  will  llicu  be  in  i>[ieiiitinr..     Wiieu  the  iosjiirator  u  l 
working,  open  Itotli  1  utiil  'i  to  allow  wttet  to  druiu  from  it. 
Both    ttMii|"i:iliin'    iinii    cjuuiitity   (.(    iIcliTciy  mttur  can 


Taricil  by  increasing  or  doci-csising  tin?  water  supply.     WHen  AtJ 
water  in  the  suction  pipe  is  Imt,  intlii-r  cotil  oiT   Imlh  jiiiw  am! 
iujecior  witli  cnld  water,  or  pump  out  the  liot  water  hyopwiiiig 
and  cloHing   tlie  SuiHing  viilve  Hiidduiity.     Ulie   following  table 
fTives  eome  dimensions  and  ciijtacities  of  the  •lifTi'rent  sisea. 
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THE  HANCOCK  INSPIRATOR. 


Capacitixs  per  Hour. 

PiPR  Connections. 

With  60  lbs. 

Max!- 

Size. 

Steam  Pres- 

mum 

Steam. 

Suc- 

Deliv- 

Over- 

(number) 

sure  and  4  ft. 

Horse 

tion. 

ery. 

flow. 

Lift. 

Power. 

n 

(>0  gals. 

8 

1 

i 

3 

1 

8? 

90       " 

12 

8 

i 

i 

3 

10 

120     *» 

16 

8 

i 

i 

3 

12i 

220     " 

30 

i 

•i 

3 

i 

15 

800     " 

40 

4 

? 

? 

i 

17i 

420     *^ 

56 

i 

1 

* 

20 

540     ** 

72 

I 

1 

} 

22  i 

720     " 

96 

1 

n 

J.  •  - 

25 

900     «' 

120 

1 

M 

1   . 

30 

1,260     " 

16S 

1* 

n 

U 

< . 

35 

1,740     " 

230 

ij 

n 

1  » 

. . 

40 

2,230     " 

298 

H 

2 

2 

H 

45 

2,820     '* 

376 

n 

o 

H 

50 

3,480     '' 

464 

'4 

2Jk 

65 

3,6;>0     " 

r>oo 

») 

•■^i 

"'2 

airf 

PIPES  AND  PIPE  COVERINGS. 

Piping  a  steam  plant  must  be  carefully  done.  The  pipes 
should  be  large  enough,  well  laprged,  and  so  placed  and  arranged 
tliat  there  will  be  slight  steam  friction  and  as  little  condensation 
a3  possible.  The  steam  pipe  heading  from  the  boiler  called  the 
main  steam  pipe  or  ''log,"  is  usually  made  of  cast  iron.  It  is 
aiade  in  sections  flanged  and  bolted  togetlier. 

Changes  of  temj)eratui*e  cause  expansion  and  contraction  of 
the  steam  pipes,  and  if  no  provision  is  made  for  expansion,  the 
pipes  or  fittings  may  crack,  or  the  joints  become  loosened  and 
leak.  If  a  pipe  is  long  and  straight,  some  form  of  expansion  joint 
is  generally  used.  A  bend  or  elbow  will  allow  the  pipe  to  expand 
without  injury  to  itself  or  boiler.  There  are  various  other  methods ; 
the  use  of  a  curved  copper  pipe  shaped  like  an  invei*ted  U  ;  expan- 
sion joints,  etc.  If  a  slip  joint  is  employed  it  should  be  in  line  to 
prevent  its  becoming  cramped. 

If  high  pressures  are  used,  steel  pi])e  is  l)etter  than  cast  iron, 
for  it  is  much  stronger,  more  flexible  and  reliable. 

If  a  stop  valve  is  placed  in  a  vertical  pipe,  the  portion  of  the 
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pipe  above  the  valve  will  fill  up  with  water  when  the  valve  is 

closed.     In  order  that  the  water  may  not  be  blown  over  to  the 

engine  a  drip  pipe  or  a  st<?am  tnip  should  be  used.     The  pipe 

which  supplies  an  e.igine,  usually  has  a  drip  pii)e  above  the  throttle 

valve. 

In  ciise  horizon  till  pipes  are  arranged  so  that  water  may  col- 

Itjct  in  them,  any  incroiise  in  the  velocity  or  the  sudden  opening  of 

a  valve  will  sweep  the  water  along  with  the  steam.     This  water 

causes  consideniole  danuige  to   the  engine  and  also  to  the  pipe. 

The  sudden  rush  of  water  against  elbows  is  likely  to  cause  leakage 

if  not  actual  bursting. 

The  true  inside  dianu^ter  of  a  steam,  gas  or  water  pipe  is  not 

always  the  same  as  the  irame  of  the  pipe  indicates.     For  instance  • 

what  is  calle<l  a  3-inch  pipe  has  an  actual  inside  diameter  of  3.067 

inches  and  an  outaide  diameter  of  3.5. 

The  following  tjible  gives  the  principal  dimensions  of  steam  pipes. 

Standard  Sizes,  etc.,  of  Wrought  Iron  Pipe  for  Water,  Qas,  or  Steam. 

(BrIffKs  Standard.) 


Diameter  up  Ti'bk. 

Thickuess 

or 

Metal. 

Internal 

Clrcuni- 

('erence. 

External 
Circumfer- 
ence. 

Internal 
Area. 

Nomi- 

uai 
Inoide. 

Actual 
Inside. 

Actual 
Outside. 

External 
Area. 

INH.                 INS.                      INS. 

INS.                       INS.                       INS. 

IMS.                    IV8. 

i 
i 

i 

1 

n 
n 

2 

3 

•>  1 

4 

H 

5 
6 
7 
8 
10 

.270 

.4<)4 

.023 

.S24 

1.04S 

1.380 
1.610 
2.007 
2.4r)S 

3.0r)7 
3.r)4s 

4.02() 
4.50S 
5.045 

().or»r» 

7.023 

7.982 

10.019 

.40;') 
.540 
.(uT) 

.840 
1.050 
1.315 
1  .(>(>0 
1 .900 
2.375 
2.S75 
3.5U0 
4.000 
4.500 
5.000 
5.503 
r,.()25 
7.r)25 
8.G25 
10.750 

.008 
.088 
.091 
.109 
.113 
.134 
.140 
.145 
.154 
.204 
.217 
.220 
.237 
.246 
.259 
.280 
.301 
.322 
.366 

.848 

1.144 

1.552 

1 .957 

2.5?<9 

3.292 

4.335 

5.061 

().494 

7.754 

i      9.636 

1    11.146 

12.648 

14.153 

15.849 

19.054 

22.063 

'    25.076 

31.475 

1.272 

1.696 

2.121 

2.652 

3.299 

4.134 

5.215 

5.969 

7.461 

9.032 

10.996 

12.566 

14.137 

15.708 

17.475 

20.813 

23.954 

27.096 

33.772 

.0572 
.1041 
.1916 
.3048 
.5333 
.8627 
1.496 
2.038 
3.355 
4.783 
7.388 
9.887 
12.730 
15.939 
19.990 
28.889 
38.737 
50.039 
78.838 

.129 

.229 

.358 

.554 

.866 

1.367 

2.164 

2.885 

4.430 

6.491 

9.621 

12.566 

15.904 

19.635 

24.299 

34.471 

45.663 

58.426 

90.762 

1  .  -g 
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If  the  area  of  a  steam  pipe  is  small  there  will  l)e  considerable 
loss  in  pressure  due  to  friction.  It  is  usual  to  limit  the  velocity 
of  live  steam  in  pipes  to  5,000  or  6,000  feet  per  minute.  If  there 
are  many  elbows  or  bends  the  allowable  velocity  may  be  reduced 
to  4,500  feet  or  less. 

Suppose  we  wish  to  find  the  diameter  of  the  main  steam  pipe 
from  the  boilera  to  the  engines.  The  engines  furnish  4,500  horse- 
power and  use  20  pounds  of  steam  per  horse-power  per  hour. 
Also  the  pressure  is  105  pounds  absolute,  that  is,  about  90 
pounds  by  gage. 

The  total  amount  of  steam  furnished  per  minute  will  be, 
4,500  X  20  -h  60  =  1,500  pounds. 
Since  one  pound  of  steam  at  105  pounds  absolute  pressure  has  a 
volume  of  4.205  cubic  feet,  the  totjil  volume  of  steam  passing  through 
the  pipe  per  minute  will  be  1,500  X  4.205  =  6,307.6  cubic  feet. 
Then  if  we  allow  a  velocity  of  6,000  feet  per  minute  the  area  will 
be  ^^^ji^  =  1 .26  square  feet  (approx.)  If  the  pipe  has  1.26  square 
feet  or  181  inches  of  area  it  would  be  15.2  +  inches  in  diameter. 
The  pipe  used  would  be  the  next  size,  that  is,  16  inches. 

The  tliiclcness  of  pipes  has  been  discussed  in  Mechanics.  For 
copper  pipes  Unwin  gives  the  following  formula : 

t  =  .0001  p  d  +  I, 
m  which  t  is  the  thickness  in  inches,  p  the  steam  gage  pressure,  d 
the  diameter  and  |  a  constant. 

To  find  the  thickness  of  a  copper  pipe  3^  inches  in  diam* 
eter,  with  a  steam  pressure  of  80  pounds ;  t  =  .0001  p  d  -{-  ^ 
=  .0001  X  80  X  31  +  ^  =  .153  inch. 

The  sections  of  the  main  steam  pipe  are  bolted  together  at  the 
flanges.  The  joint  i  made  tight  by  machining  the  flanges  and 
inserting  between  them  a  packing  ring  of  India  rubber,  asbestos,  or 
gutta  percha.  Sometimes  a  corrugated  copper  ring  is  used  in 
place  of  the  rubber,  or  a  groove  cut  in  the  flanges,  in  which  is  fitted 
a  copper  wire. 

Water  in  steam  pipes  causes  water  hammer.  For  this  reason 
the  pipes  should  be  arranged  or  provided  with  drip  pipes,  traps, 
separators,  etc.,  so  that  the  pipes  will  not  be  injured. 

In  order  to  return  the  water  of  condensation  from  a  drip,  trap, 
or  separator  to  the  boiler,  a  steam  loop  is  used.     It  consists  of  a 
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The  Barrel  Calorimeter  wag  invented  by  the  distinguished 
Alsatian  engineer,  Mr.  CI.  A.  Ilirn.  It  is  one  of  the  e;iilie8t  forms 
and  is  used  only  when  more  accMinite  and  exi)ensive  apparatus 
cannot  1h^  obtained. 

As  many  comxjtions  are  nH[nire<l,  it  is  i-ecom mended  only  for 
approximate  results.  It  consists  of  a  barrel  holding  at  least  400 
pounds  of  water,  and  an  iron  pii>e  havhig  a  valve.  This  pipe  is 
connecte<l  with  the  source  from  which  steam  is  to  be  tjiken,  and 
the  end  has  a  hostj  provi<led  at  its  extremity  with  a  cap  clased  at 
the  end,  but  pei  forate<l  on  its  side  with  a  number  of  holes.  A 
propeller  is  pljictHi  in  the  Ixirrel  for  stirring  the  water,  so  as  to 

X ^obtain  as  nearly  as  possible 

a    imiform    teraj>erature. 


TT[  If  u  The  whole  is   then    placed   upon 

*  //  H         \\  platform   scales,   as  illustrated   in 

1  It h -^  ¥ig.r>6.     To  use,  the  barrel  is  first 

filled   alx)ut    two-thii-d^  with  cold 
water,   carefully  weighed,  and  its 
temperature   noted.      Before    im- 
mei"8ing  the    hose   in   the   barrel, 
steam  is  allowed  to  flow  through 
the  pi[)e  and  hose  until  they  are 
tlio roughly  warmed.     The   hose  is 
then  plunged  into  the  barrel  and 
steam  allowed  to  How  until  a  suilicient  amount  is  obtained  ;  the 
valve  is  then  c1().s(m1,  the  hose  removed,  and  the  resulting  mixture 
weighed  and  temperature    noted.      The  calculation    is  made  by 
the  use  of  the  followincf  formula: 


Fig.  56. 


X    = 


^''  (7  — ?i)  —  ^\'  (7  — ya) 


in  which, 

X  =:  the   weight  of  steam  contained  in    one  pound    of  the 

mixture  from  th(^  boiler  or  other  souree, 

w  =■  the  weii^ht  of  the  cooling  or  condensing  water, 

W  zz:  the  iinal  weight  of  the  water  in  the  l>aiTel, 

q    =.  the  heat  of  the  li([ui(l  mixed  with  the  steam, 

q^  =  t]n\  heat  of  one  pound  of  the  cooling  water  before  the 

mixture  from  the  l)oiler  is  adde<l, 


^^ 
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jj  =  the  heat  of  one  pound  of  the  water  after  the  mixture 
from  the  boiler  is  added, 

*r  =:  the  heat  of  evaporation  corresponding  to  the  absolute 
pressure  at  the  source  of  supply. 

If  X  is  greater  tlian  1  it  shows  that  the  steam  is  superheated, 
tlie  number  of  degrees   of   superheating  being  equal  to 

2.0833  r  (^  —  1). 

Example :     Let   w  =  455  i)()unds,  W  =  495  pounds, 
q  =z  276.9,  corresponding   to   an   absolute   pressure  of    76 
pounds, 

r  =  898.8  the  corresponding  heat  of  evjxporation, 

jj  :=  18.10,  corresponding  to  a  temperature  of  50*^  F.,  the 
initial  temperature  of  the  cooling  water, 

^2  =  108.2,  corresponding  to  a  tempemture  of  140°  F.,  the 
final  temperature  of  the  water  in  the  barrel,  tlien : 

^  _    455  (276.9  —  18.10)  —  495  (27G.9  —  108.2) 

(495  _  455)  X  898.8 

=  0.952  pound  or  95.2  per  ctMit,  or  the  moisture  = 
1  —  0.952  =  0.048  of  a  pound  or  4.8  per  cent. 

A  slight  error  either  in  weigliinii;  or  in  taking  the  temperature 
may  cause  a  large  error  in  the  result.  The  above  formula  is 
l)ased  upon  the  assumption  that  there  is  no  loss  from  radiation. 

Separator  Calorimeter,  t  This  instrument  consists  of  a 
chamber,  A,  Fig.  57,  about  a  foot  long  and  three  inches  in 
diameter,  into  whit^h  is  led  a  steam-pipe  I)  from  the  boiler,  the 
extension  of  this  pipe  being  enlarged  within  the  chamber  A.  Tiie 
lower  end  of  the  pipe  D  is  perforated  with  a  number  of  holes, 
each  ^  inch  in  diameter.  The  steam  escapes  from  the  calorimeter 
through  the  pipe  S,  in  which  is  secured  a  dia2)hragm  having  a  hole 
in  its  center  -^^  inch  in  diameter.  On  entering  the  calorimeter  by 
the  pipe  D  the  velocity  of  the  steam  is  reduced,  owing  to  the  en- 
largement, and  the  paiticles  of  water  are  carried  to  the  bottom  of 
the  chamber  while  the  steam  rises  to  the  top,  escaping  at  S,  as  men- 
tioned. A  water-glass  G  is  attached,  as  shown.  Tiie  height  of 
the  water  in  the  glass  at  the  beginning  is  noted  and  marked  by  a 
string  or  other  means,  and  the  water  is  again  brought  to  the  same 

*XoTB. —  Some  authors  UHe  (  with  suffixes,  instead  of  q  with  suffixes, 
L  Instead  of  r,  and  Q  instead  of  x. 

t  The  iuventiou  of  l^rofessor  R.  C.  Carpenter. 
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level  at  the  end  of  the  test,  by  opening  the  cock  E,  and  the 
amount  drained  very  accurately  weighed.  The  results  may  be 
calculated  by  aid  of  the  following  formula  : 

_  w^  +  W 
^-   W  +  «f 
where 

X  =  the    weight    of  steam    con- 
tained in  one   pound   of  the   mixture, 
W  =  weight   of  steam   discharged 
from  the  pii>e  S, 

w  =z  weight  of  water  drawn  through 
the  cock  E, 

tr^  =z  weight  of  steam  condensed 
by  loss   of  heat  due  to  radiation. 

The  loss  w^  may  be  determined  by 
uniting  two  instruments,  the  first  one 
discharging  its  steam  through  S,  in 
which  case  no  diaphragm  is  used,  into 
the  steam-pipe  D  of  the  second,  the 
amount  of  water  collected  in  the  second 
being  that  due  to  the  loss  by  nidiation, 
since  llie  first  supplies  the  second  with 
steam  only. 

Kxiiniple  : 

W  =  10  ix)unda, 

w   =^  6  ounces,  =  |  of  a  pound, 

w^  =•  2  ounces,  =  ^  of  a  })ound, 


■  -I 
A 


Fig.  57. 

fn)m  wliicli  we  obtain 

^  +10 
a:  =  ^  .   ,    ..  =  0.9759  of  a  pound,  or  97.59  per  cent. 

The  moisture  is  then  : 

1  —  0.9751)  or  0.0241  of  a  iM>und,  or  2.41  per  cent 

In  using  this  instninient  <;a<^es  and  thermometers  are  not 
i-equired,  as  it  depends  upon  wei^^hing  the  steam  and  water. 

The  Throttling  Calorimeter  was  invented  by  Proft^ssor  Cecil 
II.  Peabody  and  is  made  with  varying  constructive  details. 

Fig.  58  shows  the  <i^eneriil  arrangement.  The  mixture  of 
steam  and  water  from  the  boiler  is  taken  from  the   main  steam- 
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pipe  through  what  is  termed  a  nampling  pipe.  Various  forms  of 
this  pipe  are  niitde  ;  one  arrangement  consists  of  a  pipe  closed 
at  its  inner  end,  but  having  numerous  holes  \  inch  in  diameter 
drilled  itaggering  around  the  sides.  Tlie  calorimeter  should  be 
placed  as  close  as  possible  to  the  main  steam  pipe  and  the  gage  for 
indicating  the  piesaure  in  the  main  steam  pipe  on  the  latter  and 
near  the  calorimeter.  The  gage  is  sometimes  connected  to  a  tee 
on  the  pipe  leading  to  the  calorinaeter,  but  it  is  better  to  have  this 
gage  where  tlie  velocity 
of  the  flowing  steam  is 
less.  A  valve  is  placed 
in  the  pipe  to  the  cal- 
orimeter, below  which  is 
inserted  a  nipple.  A, 
having  a  small  converg- 
ingorifiee,  D,  about  two- 
tenths  of  an  inch  in 
diameter  and  very  care- 
fully made.  The  object 
of  such  an  orifice  is  to 
determine  the  weight 
of  steam  flowing  through 
the  calorimeter  so  an 
allowance  can  be  made 
for  the  loss  when  testing 
an  engine,  or  boiler, 
where  the  net  weight 
used  ia  required.  A 
cup,  B,  ia  screwed  into 
the   top  for  holding  an 

accurate  thermometer.  The  cup  is  made  of  brass  and  is  flUed 
with  oil,  but  if  mercury  is  used  the  cup  must  be  of  iron  or  steel. 
A  delicate  gtge,  C,  for  determining  the  pressure  in  the  calorim- 
eter and  a  pipe  and  valves  at  the  bottom  complete  the  apparatus. 
The  valve  N  is  sometimes  omitted  and  a  simple  pipe  used,  as  tlie 
throttling  is  best  accomplished  by  use  of  tlie  valve  E,  or  orifice 
D.  All  pipes  leading  to  the  calorimeter  should  be  well  covered 
witii  a  good    non-conductor.     To  use  the  instrument  proceed 
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as  follows  :  Open  wide  valves  E  and  N,  to  briuq^  the  apparatus  to  a 
uniform  temperature,  then  gmdually  close  E  until  the  steam  ia 
the  calorimeter  is  superheated ;  that  is,  until  the  temperature  as 
shown  by  the  thermometer  is  greater  than  that  corresponding  to  the 
absolute  pressure  determined  from  the  reading  of  the  gage  C 
and  barometric  pressure.  The  result  may  now  be  calculated  by 
the  following  formula: 

^^X,  +  0.48(T-f,)— y. 

in  which 

X  =  tlie  weight  of  steam  contained  in  one  pound  of  the 
mixture  from  the  main  steam  pipe  or  other  source, 

Xq  =  the  total  heat  corresponding  to  the  absolute  pressure 
<leterinined  from  the  reading  of  the  ^age  C  and  barometric  pres- 
sure.'*^ 

T  =  the  temperature  as  shown  by  the  thermometer, 

t^  =  the  temperature  of  steam  corresponding  to  the  absolute 
pressure  as  determined  by  the  reading  of  the  gage  C  and  baro- 
metric  [)ressure, 

q^  =.  the  heat  of  the  licpiid  corresponding  to  the  absolute 
pressure  in  the  steam  pipe, 

Tg  1=  tlie  Iieat  of  evaporation  eori*esponding  to  the  absolute 
])i-essm(»  in  the  steam  pipe, 

0.48  1=:  tlie  heat  recpiiied  to  superheat  the  steam  one  degree 
Falireiilieit  under  constant  pressure. 

Example : 

BaroHK^trie   pressure   14.78  lbs.      Absolute  pressure  in  the 
main  steam  pipe  sT.Ts  lbs.     Ahsolute  pressure  in  the  calorimeter 
23.0:5  ll)s.      Temperature  T  =  2U0°  F., 
Then 

X,.  =  \\:^\^.m  9.  =  288.1 

t,,^  2:r>.28  r.  =  890.88 

and 

^.  ^  115". (18  -f  .48r2r>0  -  2y).2S)  -  288.1 

=  0.i)84  of  a  ])oun(l,  or  98.4  per  cent  of  the  mixture  is 
steam,  or  the  moisture  =  (1  —  0.984)  =  0.016  of  a  pound,  or  1.4 
per  eent. 

•Some  st4iain  tables  use  H  iu:*tead  of  the  Greek  letter  X  (lambda). 
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This  form  of  calorimeter  is  suitable  only  for  cases  where  the 
moisture  does  not  exceed  three  percent  of  the  mixture.  Its  prin- 
ciple is  based  upon  the  assumption  that  there  is  no  loss  of  heat,  in 
which  case  steam  mixed  witli  a  small  amount  of  water  is  super- 
heated when  the  pressure  is  reduced  by  throttling. 

HORSE-POWER  OF  BOILERS. 

The  unit  which  we  call  the  horse-power  is  arbitrary.  Assum- 
ing that  30  pounds  of  steam  are  required  per  horse-power  per  hour 
for  an  average  engine,  this  unit  for  boilers  has  been  adopted. 

One  (1)  horse-power  is  the  evaporation  of  30  pounds  of  water 
per  hour,  from  a  temperature  of  100^  F.  into  steam  at  70  pounds 
gauge  pressure.  This  is  considered  equivalent  to  the  evaporation 
of  34i  pounds  per  hour  from  and  at  212^^  F.  A  horse-power  is 
equafto  33,327  B.  T.  U.  per  hour. 

As  all  boilers  do  not  generate  steam  at  the  same  pressure  and 
from  the  same  temperature  of  feed  water,  it  is  necessary  to  reduce 
the  actual  evaporation  to  an  equivalent  evaporation.  Unless  this 
is  done  their  relative  perfomiances  cannot  be  compared. 

For  this  comparison,  the  actual  evaporation  is  reduced  to  the 
equivalent  evaporation  from  and  at  212^  F.  That  is,  we  suppose 
the  water  to  be  fed  at  212^  and  evaporated  into  steam  at  212°. 

Let  W  =  the  water  actually  evaporated  in  pounds, 

H  -:=  the  total  heat  of  steam  above  32° F.,  at  actual  pressure, 

T  =1  temperature  of  feed  water, 

w  =  equivalent  evaporation  from  and  at  212°F. : 

Since  9 (56  B.  T.  U.  are  necessary  to  evaporate  one  pound  of 

water  from  and  at  212°F.,  the  equivalent  evaporation  may  be  found 

from  the  formula, 

W  (H  +  32  —  T)  =  966w,  or  w  =    W  (H  +  32  —  T) 
^      ^  ^  966 

Then  the  horse-power  of  the  boiler  is, 

H.  P.  z=       ^ 


34.5 
The  above  method  is  considerably  shortened  by  substituting 

for  the  quantity  '  ^  t. 1  the  number  found  in  the  follow- 

^  •^  966 

ing  table  which  corrresponds  to  the  actual  feed  water  temperature 
and  steam  pressure. 


909 


sSill"*'"  *'"■■'  "*"s  SS5S8  ««i»»  ant  s 

?!!ll  isyyy^;  ='=H  '"^=  =Hii  H=ii  *«* 
nil!  Il»! !!!!!  !!!11  ?I!S  =s!|M|K!ll? 


I 


li 


J»  i!l!!  1!!!!  5!!!!  !!55=  =!iis  iiiti  IS 

I?ls5 1 !!!! ':!!'  !!r"  "'!! !!!!!  iijij  If! 

"wis  5!l!l  !!iei  !!lil  I§?l3  !!!!§  !!l!lM 


mH  !5!!y2i!l !!!!?  ?!ll!  !SII1  iiM  III 
I  !li5l!!!l!  III!?  I!l!|  !3li|Ji»!«  m^  8s 
'  lllIN  !!!5!_ll!!0'='"  ====^  ?5P§  ssisi  w 


ill?!  IH!!  !?H=  Hill  "«l  i!!!i  Mil!  I!5 
lllll'lllsl  ?!?3l  11!!!  IHH  iiii!  H!«  «! 

mm  msi  lll«  g!=H!lg!ig|j!!iiJ!l  E 

LSSHl  i'ls-^^  '•'°"  ^■■■'^5  !1S!S  SSI3I  SISS6  iiiU  Hi 


BOILER    ACCESSORIES.  59 


For  example  :  A  boiler  is  required  to  furnish  2100  pounds  of 
steam  per  liour.  If  the  gage  pressure  is  85  pounds  and  the  feed 
water  entere  at  50°F.,  what  is  the  equivalent  evaporation  and 
what  is  the  hoi^se-power  ? 

From  the  table  the  factor  for  85  pounds  pressure  and  50°  F. 
is  1.204.  Then  the  equivalent  evaporation  would  be  1.204  X 
2100  =  2528.4  pounds,  and  ^f  |.^-^  =  73  (approx.)  =  the  II.  P. 

BOILER  SETTING, 

The  setting  for  a  stationary  boiler  consists  of  the  foundation 
and  as  mucli  of  the  furnace  and  flues  as  are  external  to  the  boiler 
shell.  Some  internally  fired  lx)ilei*s,  the  Lancashire  for  instance, 
have  flues  in  tlic  brick  setting.  The  whole  furnace  and  sometimes 
the  flues,  as  is  the  case  with  the  plain  cylindrical  boiler,  are  in  tho 
setting.  Vertical  boilers  have  simply  a  foundation,  and  locomotive 
boilers  have  no  setting  since  they  are  supporti'd  by  the  frames  of 
the  engines.  Marine  boilers  are  usually  pLiced  on  stiddles,  which 
are  built  into  the  framing  of  the  vessel. 

In  setting  a  boiler  there  are  tliree  principal  requisites  that 
should  Ije  kept  in  mind.  1,  A  stable  support  or  foundation  for 
the  shell.  ^.  Properly  arranged  spaces  for  both  furnace  flues 
and  ash-pit,  3.  A  covering  which  shall  prevent  loss  of  heat  by 
radiation  and  tliat  will  not  keep  moisture  in  contact  with  the 
plates. 

There  are  two  principal  methods  for  support ;  by  brackets 
riveted  to  the  shell  plates  and  by  supporting  from  overhead  s^irders 
by  means  of  hooks,  rings,  etc.  In  any  case  the  supports  should  be 
so  arranged  that  each  shall  l)ear  its  pro|)er  })roportion  of  the  load 
and  at  the  same  time  allow  for  expansion.  If  the  boiler  is  short, 
brackets  are  generally  used,  while  for  long,  plain  cylindrical  boilers 
the  girder  method  is  the  more  common.  If  a  very  long,  cylindrical 
lx)iler  is  supported  only  at  each  end,  the  great  weight  between  the 
two  supports  is  likely  to  cause  bending  and  an  excessive  strain  on 
the  lower  plates  at  the  middle. 

The  first  requisite  for  a  setting  is  a  good  foundation.  If  the 
ground  is  firm  and  favorable  to  a  solid  foundation,  the  excavation 
need  be  only  three  or  four  feet  below  the  level.  If  it  is  soft,  the 
excavation  should  be  deeper  and  the   extra  depth  filled  in  with 
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broken  stone  mixed  in  with  cement,  gravel,  etc.     The  first  course 
of  the  foundivtion  sliould  be  large  stones  laid  in  cement ;  niK)n  this 
stone  work  the  walls  are  built,  either  of  stone  or  brick  to  within 
al)out  six  inches  of  the  floor  level  and  above  this,  brick  should  be 
used. 

In  determining  the  area  of  the  l)ed,  the  weight  that  can  l)e 
put  on  one  scjuare  foot  should  be  estimaU»d  carefully.  With 
ordinary  condition  of  the  soil,  the  weight  jjer  square  foot  should 
not  exceed  2000  pounds. 

Som(»times  th(»  b(»d  is  made  of  concrete  sxliout  two  ft»et  in 
thickness.  If  the  soil  is  very  linn  a  fonndat;on  of  la i-ge  stonework 
alK)ut  three  feet  wide  is  built  under  the  side,  middle  and  end 
walls. 

The  supporting^  and  enclosing^  walls  are  built  upon  this  foun- 
dation. The  outer  walls  at  the  sides  and  rear  are  double ;  the 
space  between,  usually  about  two  inches,  being  an  air  space  to 
prevent  loss  of  heat.  Projecting  bricks,  which  extend  from  the 
outer  until  they  just  touch  the  inner,  allow  for  expansion  Avithoiit 
decreasing  the  strength  of  the  inner  wall.  Fig.  59  shows  a  Ijoiler 
in  the  brick  setting.  The  br)iler  is  supported  by  brackets.  The 
front  brackets  rest  on  iron  plates  which  are  built  into  the  walls 
and  the  rear  brackets  are  free  to  move,  Iniing  su])ported  by  rollers. 
If  the  furnace  is  designed  for  anthracite  coal  the  distance  between 
the  shell  and  tlie  grate  bars  is  aljout  two  feet;  for  softer  coal  this 
distance  is  incicased  a  few  inches.  The  grates  have  an  incline  (»f 
a  few  inches  so  the  bed  of  coal  will  Ik*  thicker  at  th(^  rear  than  at 
the  front;  this  allows  a  mon^  even  consumption  of  fuel  as  the  air 
passes  through  the  fir(*  at  the  biidge  more  freely.  The  furnace, 
lK)tli  front  and  sides,  and  sometimes  jK)rtio.is  back  of  the  bridge, 
are  lined  with  firebrick.  The  biidge  also  is  g(»nenilly  covered 
with  firebrick.  The  space  between  the  bridge  and  the  shell  is 
from  6  to  8  inches.  The  rear  walls  are  built  a  httle  higher  than 
the  to])  row  of  tul)es.  The  fire  line  should  not  be  carried  above 
the  water  line  ;  if  it  is,  the  intense  heat  is  likely  to  injure  the  shell 
plates.  Never  expose  any  part  of  the  boiler  not  covered  by  water  to 
the  giuses  from  the  lire.  The  side  Avails  are  built  about  the  same 
height  as  the  rear  walls.  The  s[)ace  at  the  rear  is  bridged  ovei 
and  stiff ened  by  T  irons.     In  order  to  increase  the  heating  sur&ce 
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the  ti>{>  is  arclicd  so  that  tlic  hot  gnsee  will  pasa  over  the  steam 
space  Ix'fore  tlicy  enter  the  fliininey. 

Thft  Mnoke  box  projects  over  tlie  front  wall  and  has  a  rectangu- 
lar iiptjikc.  Tlic  skJc;  walls  are  atrengtlieiied  by  bucksbives  or 
bimlers,  which  me  kept  in  pUce  by  long  bolts,  secured  by  nuts  on 
each  end,  as  sliown  in  Fig.  M. 


Fig.  <'^  shows  flic  top  view  of  the  same  toiler. 

The  fmnt  is  usiiully  of  cast  iron  with  doors  for  firing,  cleaning 
anil  foi-!ici-ess  ti>  the  tuhes.  Soot,  dirt,  etc.,  are  removed  throiigii 
the  door  in  the  hrickwork  lit  thi^  rear. 

The  end  which  containjt  the  lianilhole  should  be  set  al>out  one 
inch  lower  than  tht,-  othi'r  end,  so  that  the  sediment  and  detached 
scale  will  tend  to  acciiinnhite  there. 

Internally  fii-ed  Iioilei-s  may  also  Iw  enclosed  in  brickwork. 
The  setting  is  a  support  and  covering,  forming  the  side  flues  but 
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not  the  furnace.  Excess  of  brickwork  surface  in  contact  with  the 
shell  should  be  avoided,  as  brickwork  collects  moisture  which 
causes  external  corrosion. 

Water  Tube  Boilers.  The  settings  for  water  tube  boilers  are 
similar  to  the  settings  of  cylindrical  tubular  boilers.  In  "  Types 
of  Boilers,"  the  various  settings  were  mentioned.  In  such  boilers 
as  the  Babcock  and  Wilcox,  Heine  and  Stirling,  special  bridges 
and  tiling  are  required  to  conduct  the  gases  and  keep  them  in 
contact  with  the  tubes.  The  Cahall  boiler  is  set  in  a  vertical  stack, 
with  the  furnace  at  one  side. 

Marine  water  iu\)v  lK)ilers,  lus  the  Almy  and  Thornycroft  are 
enclosed  in  sheet  iron  casing  which  is  lined  ^vith  non-conducting 
^material ;  usually  asl)estos  or  magnesia. 

CORROSION   AND   INCRUSTATION. 

There  are  sevend  forces  which  tend  to  destroy  and  shorten 

the  life  of  every  lK)iler.  These  forces  arc  divided  into  two  general 
classes  ;  chemical  and  mechanical.  Impure  feed  water  may  injure 
the  boiler  in  two  ways  ;  it  may  corrode  the  iron,  or  it  may  deposit 
sediment  that  forms  scale. 

Pure  water,  free  from  air  and  carbon  dioxide,  has  no  bad 
effect  on  iron ;  but  all  natural  waters,  whether  from  rain,  lake, 
river,  or  sea  contain  air  in  solution  and  a  little  carbon  dioxide. 
Water  that  contains  ^siscs  or  acids  attacks  iron  readily. 

Corrof^ion.  There  are  two  forms  of  corrosion,  external  and 
interna*.  Fxternal  corrosion  is  caused  by  exj)osure  to  the  weather, 
moisture  fiOiii  the*  j^round,  or  lcaka»(e  of  joints  and  fittings.  In 
time  a  slijj^ht  leakage  from  a  joint  may  cause  considerable  corro- 
sion. A  larij^c  amount  of  tlic  deterioration  from  external  corrosion 
is  due  to  the  jiracticc  of  scttini^  boilei-s  in  a  mass  of  bri(?kwork. 
The  brickwork  liolds  any  water  that  may  come  in  contact  witli 
the  idates.  When  an  internally  fired  boiler  is  placed  on  a  wide 
mid-f(»athei\  or  sui)p()rting  wall,  all  the  water  from  leakage  or  any 
other  source  finds  its  way  to  the  bottom  of  the  lx)iler  and  is  kept 
in  contact  with  the  plates  by  the  wall.  Mid-feather  walls  extend 
beneath  the  boiler  nearly  from  end  to  end  and  are  sometimes  18  to 
24  inches  wide.  It  is  impossible*  to  know  from  external  appear- 
ance, the  condition  of  the  plates  resting  on  the  brickwork.       The 
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plates  at  the  edge  may  appear  to  be  in  good  condition  yet  the 
center  portions  may  be  eaten  nearly  through.  If  a  mid-feather 
wall  is  used  it  should  not  be  more  than  three  or  four  inches  wide, 
and  a  few  V)ricks  should  be  loose  to  permit  inspection.  When 
the  ground  is  damp,  plates  placed  between  the  walls  and  the  shell 
are  exposed  to  the  moisture,  thus  saving  the  boiler  plates. 

Internal  corrosion  appears  in  various  forms ;  general  corrosion 
or  wasting,  pittins:  or  honeycombing  and  s^roovins^.  General  cor- 
rosion and  pitting  are  the  result  of  chemical  action  from  the  feed 
water,  while  grooving  is  a  combination  of  chemical  and  mechani- 
cal action 

General  corrosion  is  hard  to  discover,  because  it  acts  uni- 
formly over  a  large  surface.  Sometimes  the  rivet  heads  waste 
equally  with  the  plates  so  that  the  damage  done  the  plates  is  not 
noticeable.  Uniform  corrosion  is  the  hardest  to  detect  and  is  the 
most  capricious.  Water  may  attack  the  plates  only  at  the  water 
line-  Id  some  instances  the  damage  is  confined  to  a  belt  six  or 
eight  inches  wide  at  the  water  level.  Sometimes  a  few  rivets  or 
a  part  of  the  seams  may  be  corroded,  the  rest  remaining  intact. 
Stays  are  often  weakened  more  rapidly  than  boiler  plates.  The 
threads  of  screw  stays  may  be  l)adly  corroded  and  the  turned  sur- 
faces untouched.  The  capricious  action  depends  upon  the  spe- 
cific gravity  of  the  corrosive  agents,  the  difference  of  temperature, 
the  difference  of  structure  of  the  iron,  etc.  The  best  way  to  mea8-  , 
ure  the  amount  of  wasting  is  to  drill  the  plates.  If  the  thickness 
of  the  plates  is  found  to  be  considerably  reduced,  the  working 
pressure  should  be  proportionately  lowered. 

Pittins:  is  clearly  defined  by  the  edges  of  the  pits  or  holes. 
From  this  appearance  both  the  extent  and  depth  are  well  marked. 
Pitting  appears  in  the  form  of  small  holes  or  patches  from  ^  inch 
to  12  inches  in  diameter,  or  often  as  irregular  shaped  depressions. 
If  the  holes  are  small  and  close  together,  the  plate  is  said  to  be 
honeycombed.  The  reason  why  plates  become  pitted  instead  of 
uniformly  corroded  has  not  l)een  satisfactorily  explained.  It  is 
generally  believed  to  be  the  lack  of  homogeneity.  Galvanic  action 
between  the  iron  plates  and  the  copper  or  brass  tubes  is  another 
claim  for  the  cause,  but  as  pitting  occurs  when  there  is  no  copper 
or  brass  near  the  plates,  this  theory  breaks  down. 
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The  phenomenon  of  ritting  is  satisfactorily  explained  as  the 
result  of  simple  chemical  action.  Acids  attack  the  most  suscepti- 
ble poi-tions  of  the  plate.  The  corrosion  of  firebox  plates  is  often 
considered  the  result  of  galvanic  action,  but  there  is  no  doubt  that 
the  injury  done  to  plates  by  drilling  and  punching  is  to  some 
extent  responsible. 

The  cause  for  s^roovins:,  channeling  or  furrowing,  is  not  always 
apparent.     It  usually  is  due  to  the  straining,  springing,  or  buck- 
ling of  tlie  j)lat<\s,  aided  by  local  corrosion.     The  straining  of  the 
plates  may  l)e  due  to  insufficient  or  improper  staying,  thus  causing 
the  plates  to  spring  back  and  forth  as  the  steam  pressure  varies. 
This  is  most  commonly  found  in  stationary  boilers  of  the  Cornish 
and  Lancashire  ty^x^s.     It  appears  on  the  flat  end  plates  around 
the  edge  of  the  angle  iron,  or  in  the  root  of  the  angle  iron.     Too 
rigid  staying  of  the  ends  by  gusset  or  diagonal  stays,  or  too  great 
a  difference  in  expansion  of  the  tubes  and  shell  is  almost  sure  to 
cause  grooving.     Grooving  may  be  due  either  to  excess  or  to  lack 
of  stiffness,     (irooving  often  occurs  at  the  transverse  joints  wlien 
the  riveting  has  not  been  proi)erly  done.     Internal  grooving  is  a 
direct  result  of  excessive  calking,  which  by  injuring  the  surface  of 
the  metal,  exposes  it  to  the  corrosive  action  of  the  feed  water. 
Wh<»n    tin*  feed  water  causes  a  thick  layer  of  scale,  if  unequal 
expansion    cracks    it  and   exi)Oses    a    fresh   surface    to    corrosive 
action,  grooving  is  likely  to  appear. 

Sometimes  grooving  is  so  fine  as  to  appear  to  be  a  crack  or 
fracture.  If  the  cniek  is  only  ^^^  of  an  inch  wide,  it  may  extend 
into  the  jjlate  for  a  considenihle  depth.  On  account  of  the 
minuteness  of  tlu*  cracks,  they  are  likely  to  escape  detection  and 
ivhen  once  formed,  rai)i(lly  enlarge  from  any  acidity  in  the  feed 
water. 

The  best  way  to  prevent  internal  corrosion  is  to  use  water 
whicli  has  no  corrosive  effect  on  the  plaU»s.  If  internal  corrosion 
lias  iK^gun,  a  change  of  water  will  often  prolong  the  life  of  the 
boiler.  In  some  instances  it  is  cjjeaper  to  build  a  new  boiler  every 
few  veal's  than  to  use  a  different  water  supply.  This  is  not 
always  best,  for  tlu^re  is  a  tendency  to  use  the  boiler  as  long  as 
possible,  even  after  it  has  b(»come  unsafe.  Sometimes  the  intro- 
duction of  a  thicker  plat«  at  places  where  the  water  is  found  to 
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effect  them  will  be  economical ;  but  as  these  plates  will  be  stronger 
the  strain  will  not  be  uniform.  Another  method  is  to  neutralize 
the  acidity  of  the  feed  water  by  some  alkaline  substance.  This  is 
done  by  dissolving  soda  or  soda-ash  in  the  feed  water  before  it 
enters  the  boiler.  The  amount  of  soda  to  be  used  varies  with  the 
amount  of  acid.  If  there  is  considerable  salt  in  the  water,  the 
introduction  of  soda  is  injurious. 

Incrustation.  The  hard  scale  formed  by  the  accumulation  of 
the  deposit  of  sediment  from  the  feed  water  is  sometimes  called 
scurf,  fur,  or  incrustation.  The  solid  matter  of  the  feed  water 
is  precipitated  by  the  rise  of  temperature,  or  is  left  behind  by 
evaporation.  These  solids,  unless  blown  out,  become  hardened 
and  form  scale. 

The  amount  of  solid  matter  in  solution  is  measured  in  strains 
pers:aIlon;  usually  20  to  40  grains  per  gallon.  The  quantity 
varies  considerably.  It  is  not  the  amount  but  the  natiire  of  the 
solids  that  determines  the  fitness  of  feed  water.  With  proper 
attention  to  blowing  off,  the  presence  of  a  certain  amount  of  car- 
bonate, or  chloride  of  soda  would  not  be  injurious,  while  the  same 
number  of  grains  per  gallon  of  salts  of  lime  would  cause  much 
trouble.  Salts  of  lime  are  the  ones  most  frequently  found.  The 
chief  troublesome  impurities  found  in  feed  waters  for  land  boilers 
are  sulphate  and  carbonate  of  lime,  carbonate  of  magnesia,  and 
some  organic  impurities.  Marble  and  limestone  are  other  names 
for  carbonate  of  lime. 

Water  may  be  divided  into' two  classes ;  hard  and  soft.  Hard 
waters  contain  considerable  lime,  while  soft  waters  have  but  little 
solid  matter  in  solution. 

The  carbonates  of  lime  and  magnesia  are  held  in  solution  in 
water  by  an  excess  of  carbon  dioxide.  Heating  the  water  will 
drive  off  the  excess  of  carbon  dioxide,  or  carbonic  acid,  and  most 
of  the  carbonates  will  be  precipitated.  The  precipitate  is  a  whit- 
ish or  grayish  nmd.  As  the  temperature  increases,  the  solubility 
decreases,  and  at  the  boiling  point  it  is  scarcely  soluble.  If  the 
carbonates  are  not  mixed  with  impurities,  they  may  be  washed 
out  of  the  boiler  after  it  has  been  allowed  to  cool.  But  if  there  is 
oil,  organic  matter,  or  sulphate  of  lime  with  them,  the  deposits  are 
likely  to  become  hard. 
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Sulphate  of  lime,  like  the  carbonate  is  precipitated  when  the 
tempeniture  rises.     If  wator  containing  sulphate  of  lime,  which 
forms  a  hard  adhering  scale,  is  heated  to  280^F*  all  the  lime  will 
be  pi-ecipitated.     If  a  little  carlK)natc  of  soda  or  sodarash  is  intro- 
duced with  the  feed  water,  calcium  carbonate  is  precipitated  in 
the  form  of  a  fine  white  powder  which  may  be  washed  out.    The 
amount  of  carbonate  of  soda  to  be  used  may  be  calculated  if  the 
mineral  imi)iirities  of  t!ie  water  are  known.     The  soda  should  be 
introiluced  at  regular  intervals.    The  measured  or  weighed  portion 
is  dissolved  in  the  water  and  then  pumped  into  the  boiler.    An 
^Xv»es8  of  soda  is  likely  to  cause  foaming,  and  often  sticks  in  the 
water  glass.     These  indications  show  too  much  soda,  but  do  not 
indicate  when  tlie  right  amount  is  being  used. 

Sulphate  of  lime  forms  an  amorphous  crust,  or  scale.  The 
hardness  depends  upon  the  other  impurities  and  the  temperature, 
if  water  that  contains  lime,  forms  a  hard  scale,  sulphates  are  pres- 
ent, and  the  iimount  of  soda  to  1x3  used  may  be  determined  by 
trial.  Tlie  deiM)sils  of  the  carl)onate  of  lime  are  soft  and  granular, 
and  of  gniyish  color.  Sulphate  of  lime  forms  a  liard  crust 
Ammonium  chloride,  commonly  called  sal-ammoniac,  is  sometimes 
used  to  break  up  the  lime  compounds  but  Is  not  always  desirable 
as  it  does  not  act  on  tlie  sulphate  and  may  break  up  the  chlorides, 
thus  forminLT  f »*<•<■  chlorine  which  attacks  the  boildr. 

Carbonate  of  magnesia  is  seldcmi  found  in  as  large  quantities 
as  the  salts  of  lime.      It  is  like  carbonate  of  lime  in  solubility. 

When  i\\o.  feed  water  contains  iron  salts  the  incrustation  is 
of  a  HMldisli  color.  Water  containing  these  salts  is  generally  very 
injurious  to  the  hoiler  ])lates.  Brackish  water  containing  chloride 
of  magnesia  is  also  injurious,  for  wlien  heated,  the  chloride  decom- 
l)nses,  f«)rming  magnesia  and  hydrochloric  acid  which  rapidly 
corrodes  iron. 

A  piece  of  thick  scale  l>roi'en  from  the  plates  of  a  boiler, 
shows  a  series  of  hiyers  of  varying  thicknesses.  Some  of  them 
may  he  ervstalliiie  and  soiim*  anior|>hous.  Jietween  these  hard 
layers  air  ^nmrtinics  found  iayei's  of  r^oft  or  earthy  matter. 

'Hie  oil  ii.-rd  in  the  eni;ine  is  likely  to  wt  into  the  boiler  if  B 
surface  coii<lenser  is  u.-ed.  If  the  feiMl  water  has  a  little  ortra"'^' 
matter  or  lime  sails  in  it,  llir  ellect  of  the  oil   is  increased.     The 
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deposit  of  oil  mixed  with  other  impurities  is  a  poor  conductor  of 
heat  and  the  resultant  overheating  of  the  plate  often  causes  bulg- 
ing,  us  shown  in  Fig.  62. 

A  very  thin  coating  of  scale  is  generally  regarded    as  benefi. 


Fig    G2. 

cial  rather  than  harmful,  because  it  protects  the  plates  from  the 
corrosive  action  of  the  water.  A  thick  scale  however,  reduces  the 
conducting  power  of  the  plates,  scale  being  a  poor  conductor  of 
heat.  A  thick  coating  is  not  only  uneconomical,  but  is  dangerous 
since  the  heat  from  the  furnace  may  burn  the  plates  instead  of 
being  conducted  to  the  water. 

In  regard  to  the  loss  of  heat  caused  by  scale  on  the  heating 
surface,  nothing  is  definitely  known.  There  are  too  many  circum- 
stances to  be  considered  U)  admit  of  exact  calculation.  It  is  stated 
that  a  layer  -^^  of  an  inch  on  the  tubes  of  multitubular  boilers  is 
equivalent  to  a  loss  of  15  to  20  per  cent,  of  fuel,  and  the  loss 
increases  rapidly  with  the  thickness.  Also  that  when  |  of  an 
inch  thick,  60  per  cent,  more  fuel  is  required,  and  when  ^  inch 
thick,  150  per  cent.  The  above  statements  indicate  the  loss  by 
incrustation,  but  the  figures  cannot  be  relied  upon,  l)ecause  neither 
the  kind  of  lx)iler,  nor  the  kind  of  incrustation  is  stated.  Some 
boilers  would  work  veiy  well  with  I  an  inch  scale  on  the  furnace 
plates  while  others  would  not  work  at  all.  Boilers  have  been 
worked  with  scale  ^  inch  thick  without  a  loss  of  even  100  per  cent, 
of  fuel.  A  uniform  coating  is  not  nearly  as  harmful  as  irregular 
deposits.  The  deposit  that  produces  the  effects  of  overheating 
where  it  is  least  suspected  is  a  powder  composed  chiefly  of 
Ciirbonates  of  lime  and  magnesia.  As  it  is  veiy  light,  it  does  not 
sink  to  the  plates,  but  is  held  in  suspension  or  covers  the  surfjice 
as  a  scum.     If  this  powder  becomes  mixed  with  oil  or  grease  the 
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resistance  offered  to  the  rise  of  bubbles  of  steam  is  considerable. 
A  layer  of  steam  may  thus  l>e  formed  aliove  the  ]>late8  and  the 
water  lifted  from  thein.  As  steam  is  a  poor  eonductor  of  heat, 
the  plates  are  Irkely  to  become  overheated. 

A  compai't  homogeneous  mass  liko  hanl  scale  is  le^ss  harmful 
than  a  spoui^y  ])()\vdcry  mass.  This  is  readily  seen  from  the  fact 
that  ('him  waU^r  can  Ik.*  boilrd  in  a  t«'a  kettle  having  scale  J-  inch 
thick,  with  less  danger  of  burning  than  can  milk  or  water  thick- 
ened with  flour  or  oat-meal  in  a  clean  vessel.  l-ioose  sand  is  not 
as  goo<l  a  conductor  of  heat  as  solid  rock. 

Incrustation  may  be  pnnented,  J,  Hy  precipitating  the  scale- 
forminjj:  substances  iH'fore  the  feed  water  enters  the  lx)iler;^.  Bv 
removing  the  sediment  before  it  lK*conu\s  hard  scale,  and  5.  Hy 
removing  the  hard  scale  from  tlie  interior  of  the  boiler. 

Water  may  l)e  purified  to  a  considerable  extent  by  passing  it 
thix)iigh  a  purifier  before  allowing  it  to  enter  the  boiler.  The 
curbonate  and  sulphate  are  precipitateil  by  heat.  If  the  water 
contains  much  organic  matter,  it  is  advisable  to  filter  it. 

"^riK*  precipitation  of  scale  formation  and  the  neutralization  of 
aidds  in  the*  feed  water  are  accomplished  to  a  greater  or  less  extent 
bv  various  chemicals.  Soda,  either  as  carbonate,  soda-ash,  or 
caustic  soda  is  perhaps  the  most  common.  When  soda  and  sul- 
pliate  of  lime  are  mixed,  they  exchange  their  acids  and  form 
sulphate  of  soda,  which  is  soluble,  and  carbonate  of  lime  which  is 
precipitated.  The  action  on  the  carln^nate  of  lime  is  the  precipi- 
tation of  the  lime  salts.  Caustic  soda  if  concern ti*ated  may  have  a 
corrosive  action.  It  should  be  used  in  smaller  quantities  than 
common  soda.  Potash,  chloride  of  Ixirium  and  tannic  acid  are 
also  used,  but  soda  is  the  most  common.  When  tannic  acid  is 
used  its  action  should  lu^  clf)selv  watched. 

After  tlu»  impurities  an*  deposiUnl  in  a  boiler,  the  easiest  way 
to  remove  th«'iu  is  by  the  blow-out  apparatus.  Impurities  are 
held  in  suspension  and  llt)at  at  the  top  of  the  water  for  consider- 
able time  before*  settlin<^;  the  surface  blow-out  is  used  in  this  case. 

It  is  soiuetimes  stated  that  the  loss  by  frequent  blowing  off 
is  j^reatcr  than  that  caused  hv  scale.  The  loss  of  heat  occasioned 
by  blowing  out  a  large  (juantity  of  water  is  considerable  and  whether 
or  not  it  is  atlvantageous  to  do  so  (l(*[)ends  upon  the  particular  case. 
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If  lime  nnd  magnesia  salts  are  to  \m  blown  out,  the  blow-ont  taps 
should  be  oj^ened  frequently ;  al)Out  (  very  hour. 

A  rapid  circulation  of  the  water  prevents  the  formation  of 
scale.  The  sediment  is  swept  throucrh  the  tubes  and  shell  until 
it  entei-s  the  mud  drum  or  is  blown  off.  This  is  one  of  t!ie 
chief  advantiijres  claimed  for  water  Ui\n\  boilers. 

The  suspension  of  blocks  of  wood,  sheet  iron,  zinc,  etc.,  to 
catch  tlie  deposits  is  sometimes  bei\eficial. 

Zuic  i.s  used  to  a  considerable  extent  to  prevent  corrosion  and 
incrustation.  When  zinc  is  placed  in  connection  with  the  plates, 
galvanic  action  is  set  up  which  destroys  whatever  action  thera 
may  have  been  between  the  plates  and  fittings,  or  between  the  dif- 
ferent portions  of  the  plates.  It  is  also  claimed  that  the  galvanic 
action  prevents  the  formation  of  scale  by  liberating  hydrogen  at 
the  exposed  surfaces. 

When  incrustation  is  once  formed  there  are  several  methods 
for  removing  it.  It  may  be  chipped  off  carefully  with  suil^able  tools : 
this  operation  is  safe  but  laborious.  This  method  is  difficult  if  tht 
l)oiler  is  complicated,  or  if  the  scale  adheres  closely.  If  the  chip- 
ping is  not  carefully  done,  the  surface  of  the  plates  and  the  rivet 
heads  may  be  injured.  If  the  surface  of  the  iron  is  broken,  the 
next  formation  of  scale  will  cling  more  closely  and  any  corrosive 
agent  in  the  feed  water  will  have  a  better  opportunity  for  attack. 

Another  method  of  removing  the  scale  is  by  suddeu  expan- 
sion and  contraction  of  the  plates.  This  is  accomplished  by  blow- 
ing off,  then  admitting  a  large  volume  of  cold  water,  or  by  cooling 
down  as  quickly  as  possible  after  the  fire  is  drawn.  These 
processes  will  generally  remove  the  scale  in  large  pieces,  or  loosen 
it  so  that  it  can  be  easily  removed;  but  they  are  very  harmful  to 
the  lx)iler  and  have  led  to  destruction  of  boilera  and  loss  of  life. 

The  simplest  method  is  to  allow  the  boiler  to  cool  as  gradu- 
ally as  i)Ossible  and  then  stand  full  of  cold  water  for  a  few  days 
The  dei)osits  are  thus  prevented  from  being  baked  hard  on  the 
plates  and  the  sulphate  of  lime  has  an  opportunity  of  re-dissolving 
in  the  cold  water.  On  emptying  the  l)oiler  the  sulphate  of  lime 
18  removed  with  the  water  and  the  deposits  are  washed  or  brushed 
out. 

Kerosene  oil  is  used  to  a  considerable  extent  to  prevent  and 
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remove  scale.  It  breaks  up  and  loosens  hard  scale  and  also  pre- 
vents iti?  formation.  It  is  claimed  that  one  (juart  per  day  for  a 
100  hoi*se-powcr  boiler  is  suHicnent. 

The  following  Uih\e  gives  a  brief  review  of  common  corro- 
sion, incrustation,  causes  and  remedies: 


TROUBLE. 


C  orroflion* 


incrustation. 


Priming. 


CAU8B. 


CKMKDY. 


Chloride  and  Sulphate 
of  MagDiesium. 

Acids. 


Grease. 

Carbonic  acid  and 
Oxygen  ^ 

Organic  matter. 

Sulphate  of  lime. 

Carbonates  of  lime, 
Mat^iiosiiun  and  Iron. 

Sediinoiit,  mud,  etc. 

Any  soluble  salts. 


Oriranic  matter. 


Carbonate  of  soda. 

Alkalies. 

Carbonate  of  soda. 
Filter.    I'ne  mineral  oil. 

1 1  eat  feed  water. 
Soda  or  slacked  lime. 

Precipitate  with  alum 
and  filter. 


Carbonate  oi  soda. 

Heat  feed  water. 
Soda,  lime,  or  magnesia. 

Blo'^'  off,  or  filter. 

Blow  off. 

In  general,  kerosene, 
chipping,  etc. 


Precif»itate  with  alum 
and  filter. 


Fractures.  Tlu'ie  an*  two  classrs  of  fractures.  7.  Those 
caused  by  lack  of  frciMloni  \\)v  f.\[)ansion  and  contraction.  «• 
Those  caused  l)v  inabilitv  of  the  material  to  bear  the  skam 
j)ressnrc. 

In  an  internally  lired  Innler,  the  internal  flue  may  expand 
coi.si(h»nd)ly,   wiiile  the  shell,  held  by  stays  and  the  ends,  will 
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expand  but  little.  When  the  fire  is  external,  {.  e.,  under  one  end, 
the  plates  just  above  tlie  fire  being  very  hot  expand  more  than  tlie 
rest  of  the  shell  or  the  tubes.  If  the  tube  plates  cannot  expand 
and  contract,  the  tube  holes  are  likely  to  become  oval  and  leak. 
Furnace  plates  fracture  from  sudden  contraction  caused  by  cooling 
of  the  plates  when  the  furnace  door  is  opened. 

Plates  usually  fracture  from  the  holes  to  the  edge  of  the 
plate  in  the  outside  lap.  Fi-acttlres  are  not  always  dangerous,  but 
do  need  repairing.  Usually  they  are  small  and  at  fii*st  bivrely 
visible,  but  soon  they  enlarge  and  when  increased  by  corrosion 
pause  leakage  and  perhaps  rupture.  When  the  lap-edge  fractures 
extend  through  the  rivet  holes  into  the  plate,  drilling  holes  and 
placing  rivets  in  their  path  will  usually  stop  them.  When  the 
fractures  run  in  a  line  l)etween  the  rivet  holes,  they  are  dangerous. 
A  good  plate  will  usually  leak  and  give  indication  of  danger,  while 
a  brittle  plate  gives  way  suddenly.  Thick  plates  are  moi*e  likely 
to  fracture  than  thin  plates. 

Bad  workmanship  and  brittle  plates  are  common  causes  for 
fractures.  Careful  supervision  and  the  emplnyment  of  skilled 
workmen  are  the  only  remedies  for  this  evil.  In  cast^  a  plate  is 
punched  at  the  wrong  points  and  then  punched  over  again  it  is 
greatly  weakened.  This  defect  is  often  concealed  by  an  angle 
ii-on. 

Sometimes  a  lx)iler  will  rupture  immediately  after  repairs. 
The  plates  are  often  injured  by  the  methods  used  to  knock  off  the 
rivet  heads  and  force  out  the  old  rivets.  When  the  new  plates 
are  put  on,  the  reckless  use  of  the  drift  increjises  the  injury. 

BOILER   EXPLOSIONS, 

The  first  requisite  of  a  steam  boiler  is  safety.  This  condition 
is  not  always  fulfilled,  but  the  frequent  disastrous  explosions 
prove  its  necessity.  When  a  boiler  explodes,  the  firet  question 
asked  is,  *'  What  caused  it?  ''  Answers  differ  widely,  and  some- 
times the  cause  is  unknown.  Those  interested  are  often  imwill- 
ing  that  then^  should  l)e  an  investigation,  thinking  the  responsi- 
bility may  Ik.^  placed  on  them. 

Since  the  explosion  of  a  boiler  in  a  city  is  likely  to  prove 
Catal  to  many  people,  and  cause  much  destruction,  the  responsi- 
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bility  of  the  boiler  owner  is  not  slight.  The  owner  should  be  held 
liable  in  case  of  explosion,  if  he  uses  a  boiler  of  poor  type,  a 
boiler  which  is  not  regularly  inspecttnl,  a  condemned  boiler,  or  if 
he  em{>loys  a  man  to  take  charge  of  it  who  holds  no  license. 

The  damjige  done  by  explosion  is  due  to  the  energy  stored  in 
the  hot  water.  The  amount  of  energy  in  hot  water  is  calculated 
by  thermodjTiumic  methods.  The  energy  in  one  pound  of  hot 
water  at  150  pounds  pressure  and  358°F.,  is  about  10,500  foot 
pounds,  I,  e.^  it  is  sufficient  to  raise  one  pound  to  a  height  of 
nearly  two  nules,  and  if  at  250  pounds  pressure,  it  has  sufficient 
energy  to  raise  it  ne^irly  three  miles. 

Energy.  The  energy  stored  in  a  Lancashire  boiler  30  feet 
long  and  8  feet  in  diameter,  with  150  pounds  pressure,  has  been 
ealculated  to  be  alx)ut  207,600  foot-tons,  which  is  sufficient  to 
raise  the  whole  boiler  12,500  feet,  or  more  than  two  miles.  It 
takes  1,7'»0  pounds  of  gun-powder  to  give  an  equivalent  energy. 
The  energy  in  a  marine  l>oili*r  15  feet  long,  13  feet  in  diameter 
and  with  a  j)ressure  of  150  j)Ounds,  is  equal  to  2,404  pounds  of 
gun-iK>wder.  An  ordinary  return  tubular  l)oiler  under  75  pounds 
pressure,  lias  within  it  sufficient  enei'gy  to  blow  it  over  a  mile  into 
the  air.  Tlie  al)ove  figures  give  some  idea  of  the  enormous 
jimount  of  entugy  in  a  boiler,  and  the  destruction  caused  by  its 
explosion. 

If  a  boiler  lillcMi  with  steani  and  hot  water,  fractures,  or  the 
pressure  InM-oines  nion?  than  tli(»  j)late8  ean  withstand,  a  violent 
explosion  generally  follows.  The  s^eani  escaping  through  the 
rent,  or  opening,  diniinishcs  the  preasure  slightly,  thus  causing  a 
large  (piantity  of  steam  to  be  generated  from  the  hot  water  in  a 
very  short  time.  The  instantaneous  formation  of  a  large  quantity 
oT  steam  produces  di^astioiis  results.  Tiit^  larger  the  body  of  hot 
water,  the  i^ri'ater  the  disaster  on  aeeoiint  of  the  stored  eneruv, 
sometimes  calltMl  thermal  storage.  This  fact  accounts  for  the 
saf(»ty  of  water  tube  lM»ilei*s;  the  division  of  the  water  into  small 
masses  in  the  sections  pi'cvents  violent  explosion.  The  bursting 
of  one  of  these  sections  is  unusual,  but  in  case  it  hap[jens  the 
damage  rarely  extends  beyond  the  l)oiler  room;  sometimes  it 
merely  causes  a  rush  of  steam  into  the  room.  This  is  disagreeable 
but  not  fatal.     The  explosion  of  a  shell  boiler  usually  wrecks  the 


320 


BOILER  ACCESSORIES.  75 

whole  building.     A  small  part  of  the  stored  energy  is  used  \j\ 
smashing  up  the  boiler ;  the  larger  part  scatters  the  fragments. 

Causes.  The  general  cause  for  boiler  explosions  is  over 
pressure  of  steam.  This  over  pressure  is  due  to  the  inability  of 
the  boiler  to  stand  the  working  pressure,  or  to  the  failure  of  the 
safety  valve  to  blow  off  at  the  required  pressuit;. 

The  reasons  why  a  boiler  is  unable  to  bear  the  working 
pressure  are :  i.  Defective  design,  or  ignorance  as  to  the  amount 
of  pressure  the  boiler  will  stand.  ^.  Deterioration,  that  is,  reduc- 
tion of  strength  from  corrosion,  incrustation,  and  wear.  «?t 
Defective  workmanship  or  material.     4*    Mismanagement. 

Defective  Design  includes  the  following  faults.  The  boiler 
may  be  insufficiently  or  improperly  stayed ;  the  stays  being  too  small 
or  too  few,  or  they  may  be  bent  or  cut  to  clear  floats,  pipes,  etc. 
Flat  surfaces  may  be  stiffened  but  not  stayed.  The  internal 
furnace  flues  may  not  have  sufficient  strengthening  rings.  The 
large  holes  for  manholes,  domes,  etc.,  may  be  cut  in  the  plates  \vith- 
out  the  edges  being  pro[:)erly  strengthened.  The  boiler  may  be  set 
too  rigidly  and  no  provisions  made  for  expansion  and  contraction  of 
the  plates.  Defective  water  circulation  causes  overheating,  excessive 
incrustation,  ete.  The  feed  apparatus,  not  being  in  good  working 
order,  causes  low  water,  overheating,  rupture,  and  explosion.  A 
badly  designed  safety  valve  may  cause  considerable  trouble  if  not 
disaster. 

Deterioration.  The  strength  of  a  boiler  may  be  impaired  by 
fractures,  general  corrosion,  pitting,  or  grooving.  External  corro- 
sion especially,  is  the  cause  of  many  disasters.  It  can  proceed 
unseen  in  many  cases  and  rupture  may  occur  when  least  expected. 
In  the  investigation  of  boiler  explosions,  the  plates  have  often  been 
found  much  reduced  in  thickness.  When  incrustation  and  grease 
have  formed  a  pocket  as  previously  explained,  neglect  to  repair 
will  usually  result  in  rupture  or  explosion.  The  admission  of 
cold  feed  watc*r  on  hot  plates  is  likely  to  cause  fi-actures,  which 
enlarge  by  fluctuation  of  pressure  and  corrosion  until  the  boiler 
becomes  too  weak  to  bear  the  steam  pressure. 

Vertical  boilers  are  the  most  likely  to  explode.  The  upper 
ends  of  the  tubes,  if  they  pass  through  the  steam  space,  by  col- 
lapsing, will  cause  disaster.     The  crown  sheet  is  likely  to  corrode 
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and  biilgri  downwanl ;  the  reaction  of    the  escaping  steam  may 
throw  tlie  lK»iler  high  in  the  air. 

The  strength  of  a  l)oiU»r,  originally  sufficient  to  stand  high 
pressure,  may  iKHonie  suddenly  reduced  by  over-heating  or  over- 
straining. Onr-haatitiff  makes  the  plates  soft  and  weak.  It  may 
1k»  caused  hv  hu-k  of  water,  accumulation  of  sediment  or  scale  on 
the  funiac(»  plates  or  Hues,  defective  circulation^  or  the  concentra- 
tion of  heat  on  thick  phites.  Over-strain intf  is  caused  by  cooling 
and  contmrtion,  or  by  sudden  expansion  of  tubes  or  flues. 

Shortness  of  water,  or  low  water,  is  the  result  of  leakage  of 
joints,  valves,  tiips,  etc.,  or  of  neglect  to  close  the  valves.  It  is 
also  caused  l)y  sudden  demand  for  steam,  failure  of  the  feed 
supply  or  cheek  valve,  the  v/ater  siphoned  from  one  boiler  into 
another,  defective  gages,  etc. 

Defects  of  workmanship  and  material  are  usually  found  in 
flue  l)oilers.  They  can  be  readily  examined  inside,  and  also  sub- 
jected to  the  hydraulic?  test.  Defects  of  workmanship  are :  carp- 
less  puiH^hing  and  riveting,  fractured  rivet  holes,  broken  rivets, 
carelessly  secured  stiiys,  fi*actu!es  in  flanging,  bending,  welding, 
hammeriiig,  (*t<*.  Patching  old  plates  with  new  ones,  seriously 
damages  them,  espinially  if  the  removal  of  the  old  rivets  and  the 
placing  of  tlie  new  ones  is  not  carefully  done.  The  greater  con- 
traction and  eximnsion  of  the  new  plate  causes  a  severe  local 
stniin. 

Defects  of  material  an*  not  easily  discovered.  Ordinary 
inspection  will  not  reveal  bnttlen(»ss.  Blisters,  laminations,  and 
adhesion  of  foreign  suljstanees  during  manufacture  are  usually 
detected  during*  insp(»etion. 

nismana)2:ement  causes  many  explasions.  The  prt»ssure  in  a 
steam  boiler  may  rise  above  the  blowing  off  pi*essure  by  rusting 
of  the  safety  valvis  by  poor  design,  by  intentional  or  accidental 
overloading  of  the  safety  valve,  by  j)lacing  it  on  the  steam  pipe, 
or  by  placing  a  stop  valve  between  the  l)oiler  and  the  safety  valve. 
In  one  instanei*  a  safety  valve,  recovered  from  an  explosion  was 
coiToded  to  sucli  an  extent  that  ."^,000  pounds  pressure  was  required 
to  start  it  from  its  seat.  When  the  size  or  lift  of  the  safety  valve 
is  small,  steam  may  be  generated  faster  than  it  can  escape,  and 
cause  a  rapid  increase  of  pressure.    I'he  lever  safety  valve  is  easily 


322 


BOILER  ACCESSORIES.  77 

overloaded,  either  by  an  increase  in  length  or  by  an  addition  of 
weights.  It  also  may  be  wedged  down.  The  safety  valve  is 
sometimes  overloaded  to  make  the  blow  off  pressure  equal  the 
pressure  indicated  by  a  defective  pressure  gage.  It  is  often  loaded 
or  wedged  down  to  prevent  leakage  at  the  working  pressure,  in 
case  it  needs  regrinding.  The  sudden  opening  or  closing  of  a 
large  steam  or  safety  valve  may  convert  static  pressure  into 
dynamic  force,  which  may  produce  a  violent  rush  of  steam  and  hot 
water  against  some  part  of  the  boiler.  This  pressure  may  be 
enormous,  causing  rupture  and  perhaps  explosion. 

The  practice  of  placing  a  stop  valve  between  the  boiler  and 
the  safety  valve  cannot  be  condemned  too  strongly.  During 
repairs  the  stop  valve  may  be  shut  and  the  communication  tem- 
porarily shut  off.  Neglect  to  open  the  valve  on  resuming  steam 
pressure  is  likely  to  cause  serious  trouble. 

It  is  a  common  idea  that  when  the  furnace  plates  become  very 
hot,  heated  to  redness  for  instance,  and  the  food  turned  on,  a  vio- 
lent explosion  is  sure  to  follow.  Experiment  shows  that  when  a 
piece  of  wrought  iron  is  heated  to  redness  and  })lunged  into  a 
weight  of  cold  water,  three  or  four  times  greater  than  that  of  the 
iron,  a  very  small  quantity  of  steam  is  disengaged.  Why  should 
the  quantity  of  steam  be  greater  if  the  iron  is  in  the  form  of  a 
toiler?  If  a  boiler  contains  considerable  hot  water,  heated  to 
400°F.  for  instance,  the  addition  of  cold  water  miglit  be  followed 
by  an  explosion.  If  the  body  of  water  admitted  to  hot  plates  is 
small,  there  is  greater  danger  of  disaster. 

The  following  experiments  illustrate  the  action  of  cold  water 
on  hot  plates.  A  boiler  25  feet  long  and  6  feet  in  diameter  was 
heated  red  hot  and  the  feed  turned  on.  No  explosion  occurred; 
but  the  sudden  contraction  of  the  overheated  plates  caused  the 
water  to  pour  out  in  streams  at  every  seam  and  rivet  hole  as  far 
as  the  fire  mark  extended.  In  another  instance,  the  water  was 
almost  entirely  drawn  off  while  the  fires  were  burning  briskly. 
When  the  remaining  water  had  been  converted  into  steam  and  all 
the  fusible  plugs  melted  out,  water  at  the  rate  of  28  gallons  per 
minute  in  a  series  of  fine  jets  was  played  on  the  hot  platos.  The 
only  effect  was  to  reduce  the  pressure. 

That  a  tough  paper  or  cloth  is  easily  torn  when  once  started 
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is  a  woU-known  fact.     Similarly  a  boiler  plate  may  be  ruptured 
at  sliji^lit  pn\ssure  if  the  fratrturc  has  been  started. 

The  position  of  the  fracture  or  liole  lias  a  great  influence  on 
the  results.  In  case  a  lai-ge  rent  occui-s  at  the  top  of  a 
cylindrical  boiler,  the  steam  and  hot  water  may  blow  out  of 
the  hole,  and  the  lK)iler,  if  strongly  enough  seated  to  stand  the 
recoil  will  remain  on  its  scat.  The  damage  to  the  boihM' 
would  be  slight.  Hut  supjiose  the  sjime  rent  were  situated  on 
the  un<ler  side  of  the  lx)iler  near  the  ground  or  floor;  the 
elTect  would  l)e  very  different,  the  reaction  of  the  escaping 
steam  would  probably  blow  the  whole  Iwiler  through  the 
i-oof. 

Investigation.  When  an  explosion  occurs  it  should  be 
investigated  ;  not  only  to  fix  the  responsibility  where  it  belongs, 
but  also  to  provide  for  and  tiike  means  to  prevent  future  disasters. 
'  It  hits  been  customary  to  attribute  all  explosions  to  low  water, 
since,  it  is  an  eo&y  way  to  throw  the  responsibility  from  the  makers 
or  ownei>5  upon  tlie  fireman,  who,  even  if  living,  cannot  defend 
himself.  In  the  investigation  of  an  explosion  the  weights,  shapes, 
positions,  and  directions  of  the  scattered  pieces  should  be  noted, 
so  that  their  original  places  may  be  known.  The  original  size  and 
sliape  of  the  boilt»r  and  of  the  fittings  should  he  known  as  accu- 
rately as  possible.  The  primary  rent  may  be  discovered  from 
comparison  and  from  deductions  of  the  dii*ections  taken  by  the 
heavier  pieces.  Light  pieces  will  generally  take  the  direction  of 
the  cscapiii^j:  steam,  while  the  heavy  parts  tiike  an  opposite 
direction,  that  of  tlic  reaction.  A  careful  examination  of  the 
j)ieces,  noting  th(^.  age  of  fractures,  thickness  of  plates,  amount  of 
corrosion,  condition  of  plates,  etc.,  will  generally  show  the  cause. 
A  test  of  the  plates  will  in  many  casrssliow  any  softening  or  yield- 
ing to  tne  prcssuie  an<l  cxctvssivc  tliinn(*ss  caused  by  bulging. 

Prevention.  The  means  taken  to  prevent  l)oiler  explosions 
from  most  of  tlic;  al)Ove  nienlioned  canses  have  l)een  already  given. 
It  is  of  primary  inij)ortancc  that  at  the  start  only  a  well-designed 
and  well- inadt*  l)<)il«*r  should  be  used.  The  matter  of  tyiHJ  Ls  not 
of  so  much  importance,  but  it  is  well  to  use  a  sectional  boiler  in 
large  cities  or  in  buildings  where  many  people  are  employed. 
Ther^  are  many  methods,  scuie  of  which  have  l>een  discussed,  that 
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are  taken  to  prevent  deterioration  by  corrosion,  fracture,  etc. 
Proper  setting  is  of  great  importance  in  tliis  matter.  Mishaps 
from  mismanagement  may  be  greatly  lessened  by  the  employment 
of  licensed  attendants.  A  boiler  should  never  be  in  the  hands  of 
a  man  who  is  not  thoroughly  competent  to  run  it.  The  most 
eflFective  method  to  prevent  explosions  is  the  law  of  the  state,  com- 
pelling regular,  thorough  inspection  and  licensed  firemen.  The 
inspection  by  the  Boiler  Insurance  companies  is  also  an  efficient 
method. 

During  a  period  of  eleven  and  one-half  years  70,000  boilers 
were  inspected  by  Boiler  Insurance  companies.  It  was  estimated 
that  there  were  140,000  in  use  during  that  time.  Of  the  inspected 
boilers,  there  were  23  explosions  and  60  collapses ;  resulting  in  27 
deaths  from  explosions,  and  28  deaths  from  collapses.  The  ex- 
plosion rate  was  1  in  11,000  and  the  death  rate  1  in  14,600.  The 
uninsured  boilers  did  not  make  as  good  showing ;  the  death  rate 
being  1  in  5,000  boilers,  or  about  8  times  as  high  as  among  the 
insured  boilers. 

FUELS. 

Coal  is  the  most  imj)ortant  fuel  and  in  many  localities  the 
only  one.  As  the  population  increases  and  the  demand  for  timber 
increases,  the  use  of  wood  as  fuel  for  boiler  furnaces  diminishes. 
In  some  places  wood,  gases,  and  oils  are  abimdant,  and  therefore 
most  used.  For  some  manufacturing  plants,  the  waste  products, 
such  as  straw,  tan,  sawdust  and  bagasse  are  the  most  economical. 

There  are  several  kinds  of  coal,  all  of  vegetable  origin,  but 
differing  according  to  the  geological  changes  in  the  locality  in 
which  they  are  found. 

There  are  five  chief  kinds  of  coal ; 

1.  Anthracite,  a  hard  variety,  consisting  almost  entirely  of 
free  carbon. 

2.  Dry  bituminous,  having  70  to  80  per  cent,  of  carbon. 

3.  Caking:  bituminous,  having  50  to  60  per  cent,  of  carbon. 

4.  Cannei  coal,  having  70  to  85  per  cent,  of  carbon. 

5.  Lis^nite,  or  brown  coal,  containing  56  to  76  i)er  cent,  of 
carbon. 

Anthracite  Coal  consists  ahnost  entirely  of  carbon  and  has 
but  little  hydrocarbon.     Good  anthracite  is  hard,  lustrous,  cooi- 
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pact,  and  breaks  up  easily  under  a  liigli  temperature.  It  bams  with 
verj'  little  flame  and  smoke,  unless  wet,  and  gives  an  intense  heat. 
On  account  of  its  brittleness,  the  fine  pieces  will  be  lost  unless  the 
spaces  in  the  gi*ate  are  small,  or  a  down  draft  furnace  having 
double  grates,  is  used. 

A  variety  of  coal  called  semi-anthracite  or  semi-bituminous, 
which  contains  soni<»  hydrocarl)on,  is  not  as  compact  as  good  anthra- 
cite^ and  burns  with  a  sliort  flame.  Anthracite  coals  are  found 
chieflv  in  the  AUet'henv  Mountains  and  in  the  Rockv  ^lountiiins 
of  Colorado. 

Bituminous  Coal  contiiins  a  large  and  vaiying  amount  of 
liydi-ocarbon,  or  bituminous  matter. 

Dry  bituminous  coal  burns  freely,  with  little  smoke  and  with 
out  caking.     It  is  found  in  Maryland  and  Virginia. 

Caking  bituminous  l>econu's  i>asty,  swells  up  and  cakes  vihen 
burning.  It  is  used  for  making  illuminating  gas,  and  is  mined 
principally  in  the  Mississipju  Valloy.  , 

Cannel  Coal,  or  long  flaming  bituminous,  has  a  tendency  to 
produce  smoke ;  some  varieties  cake.  Cannel  coals  are  found  in 
Pennsylvania,  Indiana,  and  MLssouri. 

Lijcnite,  or  brown  coal,  is  intermediate  between  coal  and  peat 
It  is  nindc  iij)  mostly  of  carlx)n,  with  some  moisture  and  mineral 
matter.  Poor  varieties  are  of  little  value.  Lignites  come  from 
Coloradi),  Texas,  and  Wasliington. 

Tlierc  ari'  a  few  solid  fuels  which  are  of  importance,  although 
tliey  are  but  little  used  as  a  boiler  fuel.. 

Coke  is  made  by  driving  ofT,  by  heat,  the  liydrocarbon  of 
bitinninoiis  nnd  senu-hituniinous  eojils.  If  made  in  gas  retorts,  it 
is  weak,  ami  is  but  little  lused  for  making  steam.  When  made  in 
coking  ovens,  it  is  dark  gray,  hard,  jH)rous,  and  brittle.  It  gives 
out  a  slight  ringing  sound  when  struck,  and  has  a  metallic  lustre. 
If  the  coal  is  moist,  or  if  steam  is  us(m1  in  coking,  as  in  the  manu- 
facture of  water  gas,  the  sulpluir  is  luirned  out.  Coke  bums 
without  llame,  and  will,  if  fore(Ml,  make  a  hot  fire. 

Charcoal,  (haieonl  is  seldom  used  in  the  steam  boiler  fur- 
nace. It  is  made  by  evaiiorating  tlu^  volatih^  constituents  of  wood, 
either  by  ])artial  combustion  or  by  heating  in  retorts.  If  it  is 
made  in  conical  heaps,  100  pails  of  wood  by  weight,  yield  alH)ut 
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20  parts  of  charcoal ;  if  made  in  retorts  about  30  pai'ts  of  charcoal 
are  realized.  About  50  bushels  of  charcoal  are  obtjiined  from  a 
cord  of  wood. 

Peat.  Peat,  or  turf,  consists  of  decayed  roots  and  earthy 
matter.  It  is  found  in  bogs  and  swamps.  After  it  Ls  cut  out  and 
dried,  it  is  sometimes  pulverized  and  compressed  as  an  artificial 
fuel.  The  amount  of  ash  is  from  5  to  11  per  cent.  Its  specific 
gravity  is  from  .4  to  .5,  but  it  can  be  compressed  to  greater  density. 

Wood.  There  are  two  principal  divisions  of  wood.  Hard 
wood,  which  is  compact  and  comparatively  heavy,  as  oak,  ash,  etc., 
and  soft  wood,  which  is  light  colored,  soft,  and  of  less  specific  gravity 
than  hard  woods.  Pine,  birch,  and  poplar  are  examples  of  soft 
woods.  Wood  contains  considerable  moisture,  even  if  left  in  a  drv 
place  for  a  few  years.  After  being  thoroughly  dried,  it  will 
absorb  and  retani  from  ten  to  twenty  per  cent,  of  moisture.  The 
chemical  composition  of  different  woods  is  nearly  alike  and  is 
about  as  follows : 

Perfectly  Dry  Woocl.  Ordinary  Viw  Wood. 

Carbon  50  per  cent.  37.50  per  cent. 

Hydrogen  6        "  4.50 

30.75 

.75 

1.50       " 

25.00       '' 

English  oak,  a  hard  wood,  has  a  specific  gravity  of  .93  and 
weighs  58  pounds  per  solid  cubic  foot.  Yellow  pine,  a  soft  wood, 
weighs  41  pounds  per  solid  cubic  foot.     Its  specific  gravity  is  .60. 

A  cord  of  wood  measures  4  feet  by  4  feet  by  8  feet  and 
equals  128  cubic  feet.  For  ordinai-y  pine  wood,  one  cord  weighs 
2,700  pounds,  or  21  [X)unds  per  cubic  foot. 

The  heating  value  for  a  given  weight  of  different  kinds  of 
wood  is  verj^  nearly  the  same.  That  is,  one  pound  of  hickory  is 
worth  no  more  as  fuel  than  one  pound  of  pme,  if  both  are  dry. 
VV^ood  that  is  kiln  dried  lias  a  tiieoreticai  heat  value  of  almost 
8,000  B.  T.  U.,  while  wood  containing  about  25  per  cent,  mois- 
ture has  a  value  of  about  6,000  B.  T.  U. 

The  most  important  elements  in  coal  are  hydrogen,  producing 
62,000  B.  T.  U.  per  pound,  and  carbon,  producing  14,500  B.  f.  U. 


Oxygen 

41 

(( 

Nitrogen 

1 

a 

Ash 
MoLsture 

2 

.  .  • 

k6 
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per  pound.  Although  several  coals  may  have  the  same  total  per- 
centage of  combustible  and  ash,  the  heat  values  may  not  be  the 
same,  because  heat  value  depends  upon  the  amounts  of  hydrogen 
and  carbon  they  con t;* in.  The  heat  value  of  fuels  is  determined 
by  chemical  analysis,  or  by  calorimetric  test,  and  varies  for  coal 
froni  diflFerent  localities.  The  following  table  is  compiled  from 
several  sources. 


Pound!  of 

Per  cent. 

Theoretical 

water  evapor 

Kind  of  Coal. 

of 

B.  T.  U. 

ated  per 

ash. 

per  poand. 

pound. 

14,199 

(Theoretical.] 

Penn.  Anthracite 

3.49 

14.70 

Penn.  Anthracite 

'2.90 

14,221 

14.72 

Penn.  Cannel 

15.02 

13,143 

13.60 

Penn.  ConnelI»ville 

().50 

13,368 

13.84 

Penn.  Semi-bituminous 

10.70 

13,155 

13.62 

Penn.  Brown 

9.50 

12,324 

12.75 

Kentucky  Caking 

1        2.75 

14,391 

14.89 

Kentucky  Cannel 

2.00 

15,198 

16.76 

Kentucky  Lignite 

7.00 

9,326 

9.65 

Indiana  Caking 

5.66 

14,146 

14.64 

Indiana  Cannel 

6.00 

13,097 

13.56 

Maryland  Cumberland 

13.88 

12,226 

12.65 

Arkansas  Lignite 

5.00 

9,215 

9.54 

Colorado  Lignite 

9.25 

13,562 

14.04 

Texas  Lignite 

4.50 

12,962 

13.41 

Washington  Lignite 

3.40 

11,551 

11.96 

In  pi'actice,  no  fuel  gives  its  theoretical  evaporation  value  on 
iccount  of  several  losses.  Heat  is  rtidiated  from,  and  conducted 
away  by  the  boiler  s(»tting.  The  admission  of  air  into  the  furnace^ 
either  through  the*  doors  or  tlirough  cracks  in  the  setting,  reduces 
the  theoretical  evaporation  value.  Imi)roi)er  firing,  either  by  care- 
l(»ssness  or  ignorance,  causes  considerable  loss,  and  errors  in  design, 
constniction  or  of  s(*tting  reduce  the  efficiency.  The  loss  from 
radiation  has  often  been  found  to  be  20  per  cent.  A  l)oiler  seldom 
gives  an  efficiency  of  80  per  ctMit.,  the  average  being  65  to  70  per 
cent. 

Tan.  Bark  after  it  has  been  used  in  the  process  cf 
tanning  leather  is  called  tan.  This  tan  which  is  the  fibrous  part 
of  the  bark,  is  sonu^times  burned  in  the  boiler  furnace.     The  heat* 
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inpr  power  of  dry  tan,  containing  15  per  cent,  of  ash,  is  about  6,000 
B.  T.  II.  If  the  tan  is  in  the  ordinary  state  of  dryness,  that  is, 
containing  25  to  HO  per  cent,  of  moisture,  the  heat  value  is  about 
4,300  B.  T.  1 1.  Perfectly  dry  tan  will  evaporate  about  6.3  pounds 
of  water  supplied  at  212^.  If  the  tan  contains  30  ])er  cent,  of 
moisture,  it  will  evaporate  oiAy  4.4  pounds. 

Straw.  Straw,  in  its  ordinary  condition,  is  composed  as 
follows  : 

Carbon  36.  per  cent. 

Hydrogen  5.  " 

Oxygen  88.  « 

Nitrogen  .425  ** 

Ash  4.75  " 

Water  15.75  « 

The  heat  value  for  ordinary  straw  is  about  7,000  B.  T.  U., 
equivalent  to  the  evaporation  of  about  7.3  pounds  of  water  from 
and  at  212°F. 

Bagasse  is  the  iibrous  portion  of  the  sugar  cane  left  after 
the  juice  has  been  extracted.  It  usually  contains  25  to  40  per  cent. 
of  water.  On  account  of  the  large  amount  of  water,  it  must  be 
dried  before  being  used  in  the  furnace.  Bagasse  is  equal  in  calorific 
value  to  about  one-tifth  the  same  weight  of  coal.  This  value 
varies  with  the  chemical  composition.  The  larger  the  per  cent,  of 
extraction  of  the  sugar,  the  drier  the  bagasse  and  the  greater 
its  evaporative  power.  It  is  therefore  of  great  advantage  to 
extract  as  much  of  the  juice  as  possible. 

(,'ook's  automatic  apparatus  burns  the  bagasse  direct  from  the 
sugar  mill.  This  saves  the  labor  of  oxen  and  men  required  for 
gathering,  spreading  and  firing.  The  amount  of  sugar,  if  the 
extraction  is  not  complete,  is  sufficient,  when  used  as  a  fuel,  to 
evaporate  the  moisture.  The  combustion  by  this  method  is  better 
than  that  obtained  from  any  hand  firing.  The  waste  heat  that 
escapes  to  the  chimney  is  utilized  in  heating  the  air  admitted  to 
the  furnace.  This  hot  blast  is  very  efficient  when  burning  wet 
fuel. 

Bagasse  should  be  fed  continuously  into  a  very  hot  fire-brick 
chamber  which  has  plenty  of  room  to  accommodate  the  large 
volume  of  gas  and  steam  produced  by  the  combustion. 
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Petroleum.  Oil  is  now  becoming  a  fuel  of  considerable 
importance.  Petroleum  is  a  hydrocarbon  liquid  composed  of 
carlx)n,  hvdrof^ren  and  oxygen  in  slightly  varying  proportions. 

The  followini^  is  the  composition  of  Petroleum. 

Carbon  82  to  87  i)er  cent. 

Hydrogen     11  to  15  per  cent. 
Oxygen         .')  to    6  per  cent. 
The   theoretical   heating  power   is   about  20,000    B.   T.    U.   per 
j)oun(l,  wliich  is  equivalent  to  the  evaporation  of  21  pounds  of 
water  from  and  at  212°F. 

Petroleum  oils  are  obtained  from  the  distillation  of  petroleum 
and    are   eonipouiids  of  carbon   and   hydrogen.     The   compounds 
varying  from  (',.,  II.^^  ^*^  ^  32  ^^64  >  ^^  expressed  in  weight. 
Carbon       from  71.42  to  73.77  per  cent. 
Hydrogen  from  20.23  to  28.58  per  cent. 

The  specific  gravity  of  j)etroleum  is  about  .87  and  that  cf 
the    petroleum   oils  from    .()28   to   .792.     The  heating  value  of 
j)etroleum  oils  is  from  27,000  to  28,000  B.  T.  U.,  and  the  equiva 
lent  evaporation  24  to  25  pounds  wlien  water  is  supplied  at  62°F., 
or  28  to  2!^  pounds  when  the  water  is  at  212°F. 

There  are  several  advantages  claimed  for  oil  fuels,  but  there 
are  also  some  disadvantages. 

Advanta)2:es.  A  petroleum  tire  can  be  controlled  b}^  turning 
one  valve.  If  tlie  lire  is  regulated  to  produce  the  required  heat, 
it  can  l)e  kept  at  that  point  with  very  little  care.  The  fire  can  be 
stiirt^d  with  slight  trouble  and,  if  not  wanted  continuously,  can  be 
extinguished  instantly.  As  in  the  ease  of  tlie  gas  engine,  there 
is  no  waste  of  fuel  after  the  work  is  doiu*. 

P(^tr()l(»uni  prodiiees  a  uniform  lire,  nuieh  more  so  than  that 
of  coal  or  wood. 

Coal  contains  about  14,300  heat  unit«,  of  which  about  8,000 
are  available,  the  rest  being  lost  by  incom])lete  combustion,  radia- 
tion,  etc.  Petroleum,  it  is  elaimed,  furnishes  20,000  B.  T.  U.  and 
is  e(juivalent  to  more  than  two  pounds  of  coal. 

A  j>ound  of  riKil  in  an  ordinary  boiler  will  evaporate  from  7 
to  11  pounds  of  water,  while  oil  ttnts  show  17  or  18  pounds. 

Complete  combustion,  cleanliness  and  economy  of  labor  are 
obtain (h1  by  the  use  of  petroleum. 
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The  heat  in  the  furnace  does  not  fluctuate  since  there  is  no 
need  of  opening  doors.  The  burning  of  j>etroleuni  is  not  as  harm- 
ful to  the  furnace  as.  the  burning  of  coal,  because  the  oil  has  less 
sulphur.  The  saving  from  handling  is  an  important  item,  espec- 
ially noticeable  in  marine  work. 

Among  the  disadvantages  are :  Danger  from  explosion  on 
account  of  the  vapors  which  rise  from  the  fuel ;  loss  of  fuel  by 
evaponition  ;  unpleasant  odor;  ^comparatively  high  price. 

The  question  of  price  of  fuel  is  dependent  upon  locality,  and 
nuist  be  determined  for  each  case. 

Mineral  oil  as  crude  petroleum,  or  the  refuse  heavy  oil  left 
from  the  distillation  of  petroleum  oils  is  sometimes  used  as  boiler 
fuel.  The  oil  is  thrown  into  the  furnace  as  finely  divided  spray 
by  means  of  special  apparatus,  in  which  suj)erheated  steam  or  com- 
pressed air  is  the  motive  force.  Superheated  steam  is  more  con- 
venient, but  it  is  not  as  good  on  account  of  the  inert  material 
(moisture)  to  be  heated. 

Qas.  Gas  has  many  advantages  over  any  other  kind  of  fuel. 
Some  think  it  an  ideal  fuel.  Natural  gius  has  been  found  in  Pitts- 
burg, Pennsylvania,  and  Indiana,  in  such  quantities  that  many 
manufacturing  industries  use  it  exclusively.  There  have  been 
many  processes  invented  to  produce  artificial  gas  that  would  be 
cheap  enough  to  compete  with  coal.  Coal  gas,  made  by  the  dis- 
tillation of  coal,  and  water  gas,  obtained  by  the  decomposition  of 
steam  by  incandescent  carbon,  have  been  used  both  for  lighting 
and  for  fuel.  In  the  following  table  of  relative  lieat  values,  the 
water  gas  is  not  carbureted.  When  carbureted,  its  value  may 
exceed  that  of  coal  gas.  Producer  gas  is  made  by  blowing  steam 
and  air  through  the  coal.  » 

Natui'al  gas 
Coal  gas 
Water  gas 
Producer  gas 

The  natural  gas  in  the  preceding  table  is  from  Findlay,  O. 
The  <^oal  gas  is  an  average  sample  used  as  an  illuminating  gas. 
Tlie  water  gas  is  made  for  heating  and  not  purified  for  illuminat- 
ing. The  producer  gas  is  an  average  sample  from  the  IN'u^isyl- 
vania  Steel  works,  made  from  anthracite  coal. 


Bv  weight. 

Bv  volume. 

1000 

1000 

949 

66  (i 

292 

292 

76.5 

130 

331 


86  BOILER  ACCESSORIES. 

The  value  of  natural  gas  is  due  to  the  laige  amount  of  marsh 
gas  it  contains,  since  the  marsh  gas  has  a  large  per  cent,  of  hydro- 
gen. On  accoimt  of  its  large  per  cent,  of  hydrogen,  coal  gas  is 
nearly  equivalent  to  natural  gas. 

Tlie  relative  values  of  these  gases  for  evaporation  are  shown 

in  tlie  following  table : 

Xatural  Gas.    Coal  G&s.    Water  Gas.    Prodacer  Gas. 

Cubic  feet  of  gas  1000  1000         1000  1000 

Pounds  of  water  evap- 
oration 893  591  262  115 

Experiments  in  Pittsburg  show  that  1000  cubic  feet  of  nat^ 
ural  gas  equals  80  to  1 33  pounds  of  coal.  The  coal  used  in  the 
comparison  varied  from  12,000  to  13,000  B.  T.  U.  per  poimd. 

It  has  been  stated  by  the  Western  Society  of  Engineers  that 
one  pound  of  good  coal  is  equal  to  7  J  cubic  feet  of  natural  gas. 

As  in  the  case  of  petroleum,  the  economy  of  burning  gaseous 
fuels  depends  upon  the  locality. 

Artificial  fuels.  The  waste  of  charcoal,  coal,  sawdust,  etc., 
is  often  pressed  into  cakes,  or  briquettes,  by  means  of  some  adhe- 
sive mixture  with  compression.  Wood  tar,  coal  tar  and  clay  are 
used  according  to  convenience.  These  cakes  are  compact,  can  Ik* 
stored  in  a  small  space,  and  are  used  where  good  fuels  are  difficult 
to  obtain. 

TESTING  STEAM  B0ILER5. 

A  steam  boiler  may  be  subjected  to  two  tests,  namely ;  the 
strwHsrtb,  and  the  efficiency  test. 

Even  if  the  boiler  has  l)een  carefully  designed  and  the  work- 
manship and  every  detail  of  construction  ciirefnlly  insj>ected,  the 
safety  can  only  be  asc(»rtained  by  the  application  of  pressure.  If 
every  piece  of  metal  has  l)een  tesUul  and  tlie  [)arts  put  together 
accord ing  to  \)vst  results  of  long  experience,  there  may,  however, 
be  defects,  such  as  l>ad  welding,  careless  riveting,  or  plates  cracked 
in  flanging,  which  will  greatly  impair  the  strength  of  the  boiler. 

There  are  certain  classes  of  boilers  so  constructed  that  it  is 
almost  impossible  to  inspect  them  from  within;  of  which  the 
locomotive,  crane,  and  small  atrricultural  boilers  aro  examples. 

ilany  hidden  defects  are  brought  to  light  by  careful  inspec- 
tion  and  the  pressure  test. 


338 


BOILER  ACCESSORIES. 


There  -Are  two  ways  (if  iijjijlyun;  llu-  i»r««Biiiv  U'kI.  liy  ateiim 
ami  by  water.  In  ^testing  by  steam,  the  conditinns  of  Htiiiiii  tire 
llie  same  as  tliose  under  wbiuli  tlie  ixtUiM'  m  workeii.  But  the 
pnictice  of  testing  a  boiler  with  twice  the  steam  presaure  that  is 
i-i'ijuireil,  is  likely  to  weaken  if  not  ex|»lodtt  it. 

One  method  of  testing  is  to  pump  water  into  the  boiler  until 
the  deaired  pressure  is  reached.  The  distortions  or  defects  of  joints 
uro  then  noticed.  In  testing  a  new  boiler,  the  various  parts  should 
be  carefully  measured  and  gaged,  and  tlie  results  recorded.  After 
the  test  has  lieen  maintained  for  some  time,  the  me^sui'enient.s 
should  be  taken  again  and  compared  with  the  nriginiil.  Any 
ext«^nf*ion  or  bulging  shouhl  be  noted.  On  release  of  pressure,  the 
meusnrenieuts  should  be  taken  a  third  time  to  find  tlie  permanent  set 
of  any  part.  In  case  of  permanent  set,  the  material  should  Ije  care- 
fully tested,  to  see  whether  the  permanent  set  was  due  to  defects 
of  construction,  or  to  an  exceeded  elastic  limit.  There  are 
itistanees,  stayed  surfaces  for  example,  when  a  slight  permanent 
set  does  nut  render  the  boiler  unfit  for  use. 

If  the  boiler  leaks  under  the  hydi-aulic  pressure,  the  leaky 
joints  should  be  marked  and  calked  when  the  pressure  is  off. 

Another  method  is  to  fill  the  boiler  with  water,  close  every 
outlet  and  then  build  a  fire  in  the  furnace.  Water  expands 
fl'j  of  its  volume  when  the  temjieniture  rises  from  60°  F.  to  212°  K. 
When  the  water  in  the  boiler  is  lieated  there  is  a  corresponding 
increase  of  internal  pressure,  and  the  condition  of  the  I«niler  is 
judged  from  the  movement  of  the  pointer  of  the  pressure  gage. 
Steady  rise  of  pressure  indicates  soundness,  while  jerks  or  starts  of 
the  pointer  are  considered  to  denote  weakness.  This  mctho<t  is 
seldom  used  because  of  the  difficulty  of  regulating  the  fire  so  as  to 
give  a  steady  increase  of  heat  and  of  keeping  that  heat  constant 
for  any  length  of  time.  ,\Ithough  no  explosion  can  result  from 
hydraulic  tests,  a  serious  accident  can  happen  when  the  plates 
fracture.  Many  say  that  the  hydraulic  test  is  worthless  because 
it  doesnotshow  the  actual  strength.  The  most  injurious  stresses, 
those  due  to  unequal  expansion,  are  not  set  up  during  this  test. 
In  order  to  find  out  the  exact  strength,  the  boiler  must  be  destroyed, 
or  at  least  so  fractured  or  stmined  as  to  become  worthless. 

The  application  of  high  pressui-e  is  likely  to  strain  the  lioiler 
ftiid  to  render  it  unfit  for  the  intended  low  pressure. 
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A  boiler  that  has  been  at  work  for  some  time  is  consiilemj 
safe  if  it  will  stand  the  test  of  a  pressure  one.  and  a  half  times  the 
workincr  pressure. 

Tlie  inspection  of  a  boiler  should  commence  at  the  works 
where  the  plates  are  manufactured.  If  the  material  and  each 
detail  of  construction  is  inspected  and  tested,  the  boiler  is  likely 
to  be  strong. 

Tlie  other  test;  the  efficiency  test,  is  of  importance  to  boiler 
owners  in  order  that  they  may  know  the  boiler  from  the  economic 
sUindpoint. 

5TEAn  BOILER  TRIALS. 

Object.  The  object  of  a  boiler  trial  is  to  determine  the  fol- 
lowing; the  rfiiayitity  and  quality  of  steam  it  will  supply  under 
given  ccmditions;  the  horse-power  of  the  boiler  and  its  efficiency'. 
and  the  amount  of  fuel  it  takes  to  make  the  required  steam. 

The  quantity  of  steam  is  taken  as  the  amount  of  water  evap 
orated.  The  quality  is  determined  by  some  form  of  calorimeter, 
already  descril)eil.  The  efficiency  is  the  ratio  of  the  heat  units 
utilized  in  <»va{)orating  the  water,  to  the  total  heat  supplied  to  the 
lK)iler.  The  lieat  utilized  in  evaporation  is  calculated  by  multiply- 
ing tlie  huuiIkm-  of  pounds  of  feed  water  by  the  numl)er  of  heat 
units  recjuired  to  ehange  water,  at  the  t*»mperature  of  the  feed 
water  into  st4»ani  at  the  gage  pressure.  The  heat  units  supplied  are 
deterniincMl  by  weighing  the  fuel  used  during  the  test,  and  after 
(IcMlueting  the  amount  of  ash,  multiplying  the  result  by  the  total 
heat  of  combustion  of  the  fuel.  The  heat  of  combustion  is 
o])t4iiiied  either  l>v  calculation  or  bv  means  of  a  fuel  calorimeter. 

(ireat  care  and  skill  must  be  exercised  throughout  the  test, 
for  slight  errors  in  temperatures,  pressures,  weighings,  etc.,  will 
make  the  i-csnlts  worthless.  It  is  much  better  to  use  a  throttling 
or  si»paiating  calorimeter,  bt^cause  the  inaccuracy  of  the  Uirrel 
calorimeter  is  likt»ly  to  make  a  large  error  in  the  final  results. 

The  Committee  of  the  American  Society  of  Mechanical 
Engint»ei>>  recommended  tiie  following  code  of  rules  for  boiler  trials. 

PRELiniNARIES  TO  A  TEST. 

1.  In  preparing  for  and  conducting  trials  of  steam-boilers 
the  specific  object  of  the  proposed  trial  should  be  cieaily  derined 
and  steadily  kept  in  view. 
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2.  Measure  and  record  the  dimensions,  position,  etc.,  of 
^rate  and  heating  surfaces,  flues,  and  chimneys,  proportion  of  air- 
space in  the  grate-surface,  kind  of  di*aught,  natural  or  forced. 

3.  Put  the  l)oiler  in  good  condition.  Have  heating  surface 
clean  inside  and  out,  gi*ate-bafs  and  sides  of  furnace  free  from 
clinkers,  dust,  and  ashes  removed  from  back  connections,  leaks  in 
masonry  stopi)ed,  and  all  obstructions  to  draught  removed.  See 
that  the  damper  will  open  to  full  extent,  and  that  it  may  be  closed 
when  desired.  Test  for  leaks  in  masonry  by  firing  a  little  smoky 
fuel  and  immediately  closing  damper.  The  smoke  will  then  escajje 
through  the  leaks. 

4.  Have  an  understanding  with  the  parties  in  whose  interest 
the  test  is  to  be  made  as  to  the  cliaracter  of  the  coal  to  be  used. 
The  coal  must  be  dry,  or  if  wet,  a  sample  must  be  dried  carefully 
and  a  determination  of  the  amount  of  moisture  in  the  coal  made, 
md  the  calculation  of  the  results  oi  the  test  conected  accordingly. 
Wherever  possible,  the  test  should  be  made  with  standard  coal  of 
a  known  quality.  For  that  portion  of  the  country  east  of  the 
Alleghany  Mountains  good  Anthracite  egg  coal  or  Cumberland 
semi-bituminous  coal  may  be  taken  as  the  standard  for  making 
tests.  West  of  the  Alleghany  Mountains  and  east  of  the  Missouri 
River,  Pittsburg  lump  coal  may  be  used. 

5.  In  all  important  tests  a  sample  of  coal  should  be  selected 
for  chemical  analysis. 

6.  Establish  the  correctness  of  all  apparatus  used  in  the  test 
for  weighing  and  measuring.  These  are:  1.  Scales  for  weigh- 
ing coal,  ashes,  and  water.  2,  Tanks,  or  water-meters  for  measur- 
ing water.  Water-meters,  as  a  rule,  should  only  be  used  as  a 
check  on  other  measurements.  For  accurate  work  the  water 
should  be  weighed  or  measured  in  a  tank.  3.  Thermometers 
and  pyrometers  for  taking  temperatures  of  air,  steam^  feed-water, 
waste  gases,  etc.    4*     Pressure-gaug'^s,  draft-gauges,  etc. 

7.  Before  beguming  a  test,  the  boiler  and  chimney  should 
be  thoroughly  heated  to  their  usual  ^^orking  temperature.  If  the 
boiler  is  new,  it  should  be  in  continuous  use  at  least  a  week  before 
testing,  so  as  to  dry  tlie  mortar  thoroughly  and  heat  the  walls. 

8.  Before  beginning  a  test,  the  boiler  and  connections  should 
be  free  from  leaks,  and  all  water  connections,  including  blow  and 


885 


90  BOILER  ACCESSORIES. 


extra  feed-pipes,  should  be  disconnected  or  stopped  with  blank 
flanges,  except  the  particular  pipe  through  which  water  is  to  be 
fed  to  the  boiler  during  the  trial.  In  locations  where  the  relia- 
bility of  the  power  is  so  important  that  an  extra  feed-pipe  must  be 
kept  in  position,  and  in  general  when  for  any  other  reason,  water- 
pipes  other  than  the  feed-pipes  cannot  be  disconnected,  such  pipes 
may  be  drilled  so  as  to  leave  openings  in  their  lower  sides,  which 
should  be  kept  oj)en  throughout  the  test  as  a  means  of  detecting 
leaks,  or  accidental  or  unauthorized  opening  of  valves.  During 
the  test  the  blow-oflf  pij)e  should  remain  exposed. 

If  an  injector  is  used  it  must  receive  steam  directly  from  the 
boiler  being  tested,  and  not  from  a  steam-pipe  or  from  any  other 
boiler. 

Se(^  that  the  steam  pii)c  is  so  arranged  that  water  of  condensa- 
tion cannot  run  ba<rk  into  the  boih^r.  If  the  steam  pil>e  has  such 
an  inclination  that  the  water  of  condensiition  from  any  j)ortion  of 
the  stc^am-pijM}  system  may  run  back  into  the  Jx)iler,  it  miLst  be 
trapped  so  as  to  prevent  this  water  getting  into  the  boiler  without 
being  measured. 

STARTING  AND  5T0PPINQ  A  TEST. 

A  test  should  last  at  least  ten  hours  of  continuous  running, 
and  twenty-four  hours  whenever  practicable.  The  conditions  of 
the  boiler  and  furnace  in  all  respects  should  l)e,  as  nearly  as  pos- 
si})l(»,  the  sann*  at  the  end  as  at  the  beginning  of  the  test.  The 
steam  pressure  should  be  the  same,  the  water-level  the  siinie,  the 
lire  upon  the  grates  should  be  the  Siime  in  quantity  and  condition, 
and  the  walls,  flues,  etc.,  should  l)e  of  the  same  temperature.  To 
secure  lus  near  an  approximation  to  exact  uniformity  as  possible  in 
conditious  of  the  fire  and  in  temi)eratures  of  the  wjills  and  flues, 
the  followiug  method  of  stiirting  and  stopping  a  test  should  be 
adopted. 

10.  Standard  Method.  Steam  being  raised  to  the  working 
pressures  remove  rapidly  all  the  fii*e  from  the  grate,  close  the 
damper,  clean  the  ash-pit,  and  as  quickly  Jis  jxyssible  start  a  new 
fire  witli  wtMglied  wood  and  coal,  noting  the  time  of  starting  the 
test  and  the  height  of  the  water-level  while  the  water  is  in  a  qiu- 
escent  sUite,  iur.t  iK'fore  iigliting  the  fire. 
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At  the  end  of  the  test  remove  the  whole  fire,  clean  the  grates 
id  ash-pit,  and  note  the  water-level  when  the  water  is  in  iv  quies- 
lent  state;  record  the  time  of  hauling  tlie  fire  as  the  end  of  the 
TJie  wal«r-level  should  be  as  nearly  as  possilile  the  saini*  as 
at  the  hegimiing  of  the  teat.  If  it  ia  not  the  same,  a  correction 
should  l)e  made  by  compntation,  and  not  by  operating  pump  after 
test  is  completed.  It  will  generally  l)e  necessary  to  regulate  the 
discharge  of  stea7n  from  the  boiler  tested  by  means  of  the  sto[>- 
valvc  for  a  time  while  fiitis  are  l>eing  hauled  at  the  beginning  and 
at  the  end  of  the  test,  in  order  to  keep  the  steam -pressure  in  the 
boiler  at  those  times  up  U}  the  average  during  the  test. 

11.  Alternate  riethod.  Instead  of  the  standard  Method 
ftbove  descril>ed,  the  following  may  be  employed  where  local  con- 
ditions render  it  neeessiiry. 

At  the  reguhir  timi?  for  slicing  and  cleaning  fires  have  them 
tuniwl  nither  low,  as  is  usual  Ijefore  cleaning,  and  then  thoroughly 
cleaned  ;  note  the  amount  of  coal  left  on  the  grate  as  nearly  as  it 
can  be  estimated ;  note  the  jires.'fiiro  of  steam  and  the  height  of  the 
watei-Ievel— which  should  !«  at  the  medium  height  to  be  carried 
throughout  the  test — at  the  same  time ;  and  note  this  time  as  the 
time  of  starting  the  test.  Fresh  coal,  which  has  been  weighed, 
should  now  be  fired.  The  ash-pits  should  be  thoroughly  cleanetl 
after  starting.  Before  the  end  of  the  test  the  fires  should 
be  burned  low,  just  as  before  the  start,  and  the  fires  cleaned  in 
:b  a  manner  as  to  leave  the  same  amount  of  fire,  and  in  the 
,me  condition,  on  the  grates  as  at  the  start.  The  water  level  and 
Ijrteam-pressnre  should  lie  brought  to  the  same  point  a:^  at  the  start, 
imd  the  time  of  tlie  ending  of  the  test  should  be  noted  just  l>efori> 
fresh  coal  is  fired. 

DURING   THE  TEST. 

Keep  the  Conditions  Uniform.     The    boiler  should   be 

Prun  continuously,  without  stopping  for  meai-times  or  for  rise  or 

fall  of  pressure  of  steam  due  to  change  of  demanil  for  steam.    The 

draught  Iwing  adjusted  t*i  the  rate  of  eva[joration  or  combustion 

wired  before  the  test  is  begun,   shoula  be  retained  constant  dui^ 

J  the  test  by  means  of  the  damper. 

If  the  Imiler  is  not  connected  to  the  same  steam-pi^^e  with 
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other  boilers,  an  extni  outlet  for  steam  with  valve  in  same  should 
be  provided,  so  that  in  ease  the  pressure  should  rise  to  that  at 
wliich  the  safety-valve  is  set,  it  may  l>e  reduced  to  the  desired 
point  by  opening  the  extra  outlet,  without  checking  the  fires. 

If  the  lH)iler  is  connected  to  a  main  steam-pipe  with  other 
lK)ilei*s,  the  safi^ty-valve  on  the  boiler  being  tested  should  be  set  a 
few  pounds  higher  than  those  of  the  other  boilers,  so  that  in  case 
of  a  rise  in  pressure  the  other  boilers  may  blow  off,  and  the  pres- 
sure be  reduced  by  closing  their  dampei-s,  allowing  the  damper  of 
the  l)oil(*r  being  tested  to  remain  open,  and  firing  as  usual. 

All  the  conditions  should  be  kept  as  nearly  uniform  as  pos- 
sible, such  lis  force  of  draft,  pressure  of  steam,  and  height  of 
water.  Th(^  time  of  cleaning  the  fires  will  depend  upon  the  char- 
acter of  the  fuel,  the  rapidity  of  combustion,  and  the  kind  of 
gnites.  Wh(»n  veiy  good  coal  is  used,  an<l  the  combustion  not 
too  rapid,  a  ten-hour  test  may  lx»  run  without  any  cleaning  of  the 
gmtes,  other  than  just  before  the  beginning  and  just  before  the 
end  of  the  test.  Hut  in  case  the  gnites  have  to  be  cleaned  during 
the  test,  the  intervals  between  one  cleaning  and  another  should  be 
unifoma. 

n^.  Keeping  the  Records.  The  coal  should  be  weighed  and 
(lelivere<l  to  the  fireman  in  equal  portions,  each  sufficient  for  alwut 
imv  hour's  ru:i,  and  a  fresh  portion  should  not  Ije  delivered  until 
the  previous  one  luis  all  Irmmi  fired.  The  time  required  to  con- 
sume each  portion  should  be  noted,  the  time  l)eing  recorded  at  the 
instant  of  tiring  the  iirst  of  each  new  portion.  It  is  desirable  that 
at  the  same  time  the  amount  of  water  fed  into  the  boiler  should 
be  accurately  noted  and  recorded,  including  the  height  of  the 
water  in  the  boiler  and  the  average  j)ressure  of  steam  and  t€m[>er- 
atnre  of  feed  during  the  time.  By  thus  recording  the  amount  of 
water  c»vaporated  by  successive  portions  of  coal,  the  record  of  the 
test  may  Ihj  divided  into  several  divisions,  if  desired,  at  the  end  of 
the  test,  to  discover  the  degi'ce  of  uniformity  <>f  combustion,  evap- 
oration, and  cconomv  at  diiVei'cnt  stai^es  of  the  t<'st. 

14.  Priming  Tests.  In  all  tests  in  which  accuracy  of  results  is 
im])ortant,  calorinuiter  tests  should  be  made  of  the  percent^ige  of 
moistuie  in  the  st^'am,  or  of  the  degree  of  superheating.     At  least 
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ton  such  tests  should  be  made  during  the  trial  of  the  boiler,  or  so 
iiumy  as  to  reduce  the  probable  average  error  to  less  than  one  per 
cent.,  and  the  final  records  of  the  lx)iler  test  corrected  according  to 
the  average  results  of  the  calorimeter  tests. 

On  account  of  the  difficulty  of  securing  jiccuracy  in  these 
testw,  the  greatest  cai*e  should  l)e  taken  in  the  measurements  of 
weights  and  temperatures.  The  thermometers  should  be  accurate 
within  a  tenth  of  a  degree,  and  the  scales  on  which  the  water  is 
weighed  to  within  one  hundredth  of  a  pound. 

Analysis  of  Qases. — ileasurement  of  Air  Supply,  etc. 

15.  In  tests  for  purposes  of  scientific  research,  in  which  the 
det<»rinination  of  all  the  variables  entering  into  the  test  is  desired, 
certain  observations  should  be  made  which  are  in  genenil  not  nec- 
essary in  tests  for  commercial  purix)ses.  These  are  the  measure- 
ment of  the  air-supply,  the  determination  of  its  contained  moisture, 
the  measurement  and  analysis  of  the  flue  gases,  the  determination 
of  the  amount  of  heat  lost  by  radiation,  of  the  amount  of  infiltra- 
tion of  air  through  the  setting,  the  direct  determination  by  calori- 
meter experiments  of  the  absolute  heating  value  of  the  fuel,  and 
(by  condensation  of  all  the  steam  made  by  the  Iwiler)  of  the  total 
heat  imparted  to  the  water. 

The  analysis  of  the  flue-gases  is  an  especially  valuable  method 
of  determining  the  relative  value  of  different  methods  of  firing,  or 
of  different  kinds  of  furnaces.  In  making  these  analyses  great 
care  shoahl  be  taken  to  procure  average  samples — since  the  comfx)- 
sition  is  likely  to  vaiy  at  different  points  of  the  flue,  and  the  analy- 
ses should  be  intrusted  only  to  a  thoroughly  competent  chemist, 
who  is  provided  with  complete  and  accurate  apparatus. 

As  the  determinations  of  the  other  variables  mentioned  above 
are  not  likely  to  be  undertaken  except  by  engineers  of  liigh  scien- 
tific attainments,  and  as  apparatus  for  making  them  is  likely  to  l)e 
improved  in  the  course  of  scientific  research,  it  is  not  deemed 
advisable  to  include  in  this  code  any  specific  directions  for  making 
them. 
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RECORD  OF  THE  TEST. 

A  "Ic^"  of  the  test  should  be   kept  on   properly  prepared 
blanks  containing  headiiigs  as  follows  : 

TABLE  NO.  9S. 


Pb 

...... 

... 

TBItrSBtTI 

■M. 

FtFBU 

FSBD-WtTUt. 

T«K. 

^ 

i 
I 

1 

i 

i 

1 

i 

1 

1 

1 

1 

1 

I 

i 

REPORTING  THE  TRIAL. 

The  final  resiiltn  «li<nild  be  recorded  upon  a  properly  prejiarcH 
bhiiik,  and  should  include  iu  many  of  the  following  items  as  are 
a<l:ijjk'd  for  the  specific  object  for  which  the  trial  is  made.  Tie 
itcniH  iiiiirkoil  with  a  *  may  lie  omitted  for  ordinary  trials,  hut  are 
desirable  for  coni])arison  with  similar  data  from  other  sources. 

HcHultiior  the  trials  or  k 


DIMENSIONS 

AND  rROl'ORTIONS. 

(I^nvi^  kpace  f" 

complete  description). 

iv" 

"(It">te?  hl-ftll" 

iile long mrea. 

ir^r 

-J-;    — -Y ■-■ 

K  I-KKSSURES. 

?'l^ 

n,-,.ri.KRurclnboi 

cr.by  gauge 

AVKKAdE 

TEMPERATURB8. 
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FUEL. 

Total  amonnt  of  coal  conaumed • 

M oist u re  in  coal 

Dr V  coal  consumed 

Total  refuse,  dry pounds  = 

Total  combustible  (dry  weight  of  coal,  item  18,  less  refuse, 

item  19) 

Dry  coal  consumed  per  hour 

Combustible  consumed  per  hour 


16. 

17. 
L8. 
19. 
20. 

*2\. 
•22. 


28. 
24. 
25. 


36. 

27. 
28. 

•29. 
30. 


81. 
82. 
33, 

84. 


RESULTS  OF  CALOBIMETBIC  TESTS. 

Quality  of  steam,  dry  steam  being  taken  as  unity. 

Percentage  of  moisture  in  steam 

Number  of  degrees  superheated... 


WATER. 

Total  weight  of  water  pumped  into  boiler  and  apparently 
evaporated 

Water  actually  evaporated,  corrected  for  quality  of  steam. 

Equivalent  water  evaporated  into  dry  steam  from  and  at 
212®  F 

Equivalent  total  heat  derived  from  fuel  in  B.  T.  U 

Equivalent  water  evaporated  into  dry  steam  from  and  at 
212®  F.  per  hour 


ECONOMIC)  EVAPORATION. 

Water  actually  evaporated  per  pound  of  dry  coal,  from 
actual  pressure  and  temperature 

Equivalent  water  evaporated  per  pound  of  dry  coal,  from 
and  at  212®  F 

Equivalent  water  evaporated  per  pound  of  combustible 
from  and  at  212®  F 


COMMERCIAL  EVAPORATION. 

Equivalent  water  evaporated  per  pound  of  dry  coal  with 
one-sixth  refuse,  at  70  lbs.  gauge  pressure,  from  temper- 
ature of  100®  F.  =  item  88  X  0.7249  pounds 


lbs. 
per  cent. 

lbs. 
per  cent. 

lbs. 
lbs. 
lbs 


per  cent, 
deg. 


lbs. 
lbs. 

lbs. 
B.  T.  U. 

lbs. 


lbs. 
lbs. 
lbs. 


85. 


•86. 
•37. 
•38. 


RATE  OF  COMBUSTION. 

Dry  coal  actually  burned  per  square  foot  of  grate  surface 

per  hour 

Per  sq.  ft.  of  grate  sur 

Consumption  of  dry  coal 
per  hour.  Coal  assumed 
with  one-sixth  refuse. 


t 


face 

Per  sq.  ft.  of  water  heat- 
ing surface 

Per  sq.  ft.  of  least  area 
for  draught 


89. 


•40. 
•41. 
•42. 


43. 

44. 
45. 


RATE  OF  EVAPORATION. 

Water  evaporated  from  and  at  212®  F.  per  square  foot  of 

heating  surface  per  hour 

Per  sq.  ft.  of  grate  sur- 
Water  evaporated  per  hour 
from  temperature  of  100® 
F.  into  steam  of  70  lbs. 
gauge  pressure 


heating 


face 
Per   sq.    ft.   of 

surface 

Per  sq.  ft.,  of  least  area 

for  draught. 


COMMERCIAL  HORSE-POWER. 

On  basis  of  80  lbs.  of  water  per  hour  evaporated  from 
temperature  of  100"  F.  into  steam  of  70  lbs.  gauge 
pressure  (84}  lbs.  from  and  at  212®) 

Horse- power,  builders'  rating,  at square  feet  per 

horse-power 

Per  cent,  developed  above,  or  below,  rating 


lbs. 

lbs. 
lbs. 
lbs. 
lbs. 

lbs. 
lbs. 
lbs. 
lbs. 


H.  P. 

H.  P. 
per  cent.! 


During  the  boiler  trial  the  various  observations  (temperatures 
and  pressures)  should  l)e  made  at  the  same  time  and  at  alx)ut 
fifteen  minute  intervals.  In  order  t^)  attain  the  result  of  the  test 
the  following  must  be  known  : 

7.  The  amount  in  pounds,  of  cojil  burned  and  th<»  number  of 
pounds  of  «ashes  left. 


841 
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'£,     The  numl)er  of  pounds  of  water  pumped  into  the  boiler. 

3.  The  pressure*  of  the  steam  in  the  bi>iler. 

4,  The  temperature  of  the  feed  water  when  it  enters  the 
boiler. 

r>.     The  quality  of  the  steam  dii^charged  from  the  boiler,  that 

is,  the  i)er  cent,  of  moisture  in  the  steam. 

There  are  several  ways  of  determining  the  amount  of  water 
pum|>ed  into  the  boiler.  The  best  method  is  to  weigh  it  in  tanks 
or  barrels  on  scales,  which  have  lieen  adjusted  and  tested  with  a 
standard  weight,  'i'he  Iwirrels  or  tanks  should  be  two  or  more  in 
number  and  of  sufficient  siz**  so  that  the  filling,  weighing  and 
emptying  may  not  be  hurried.  The  baiTels  should  be  placed  high 
enough  to  discharge  into  the  tank  from  which  the  feed  water  is 
drawn  hy  the  pump  or  injector.  The  valves  should  be  large  and 
quick  opening  so  that  the  emptying  will  not  l)e  delayed. 

If  barrels  are  used  they  should  be  numbered  and  the  weights 
of  each  accurately  kept,  and  each  weighed  when  empty  and  when 
full.  When  the  water  level  in  the  tank  has  fallen  so  that  it  will 
hold  another  barrel  of  water,  the  biirrel  should  be  emptied  into 
the  tank  and  while  emptying  the  other  filled  and  weighed. 

The  weigher  must  use  care  and  intelligence  and  must^not 
become  confused  in  his  weighinj^s  or  recoixls.  At  the  begimiing 
of  the  t<'st  the  level  in  the  waUM'  tanks  should  Ik*  recorded,  and  al 
the  end  the  level  l)rought  to  the  sanu»  mark. 

If  it  is  inc(mvcnient  to  weiijfh  the  water,  it  mav  be  measured 

either  hv  a  meter  or  bv  mea^sureuuMits  in  the  tank.      If  a  meter  is 

used   it   should   b<;  t(»sted  and   its  error  deU^rmined.      The  meter 

must  l>e  kept  free  from  air  or  the   readings  will  l)e  in  excess  of 

the  true  ones. 

Thr    level    in   the   water  glass   of  the    boiler  should    also  be 

noted  at  tli(^  iM^ginning  and  at  the  end  of  the  tent.  A  graduated 
scale  attached  to  the  gage  glass  is  a  convenient  means  of  determin- 
ing the  water  h^vel. 

The  temperature  of  the  feed  water  should  l)e  taken  occasion- 
ally to  gc»t  an  average  temptuatnre. 

If  the  boiler  is  f(Ml   !)>'  a  steam   pump,  it  should  be  run  by 

steam  taken  from  some  other  boiler  if  convenient  ;  if  not,  the 
amount  of  steam  used  by  the  pump  must  be  determined  Jind  allow- 
ance made. 
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The  steflm  useil  lij'  tlie  purop  may  itc.  coiiJen.«eil  mui  the 
■  water  woighcd.  The  exhaust  from  the  t^teani  pump  ran  he  run 
^into  a  barrel  of  cold  water  and  the  barrel  weigheil  lief<n-e  and 
T  after. 

The  coal  for  the  furnace  should  be  weighed  in  I»arrows  or 

Pbarrels.      It  may  he  lired  directly  from  the  Inrrels  or  liarrowa  or 

dumped  on  the  floor  beforo  firing.    Tlie  barrows  sliould  be  weighed 

^Vrlicn  full  and   empty  and  the   time   recorded   in    order    that  t)ie 

weight  of  no  portion  lie  neglected.     Any  unburned  coal  must  be 

eighed  and  the  amount  subtracted. 

The  condition  of  the  fire  should  lie  the  same  at  the  beginning 
(and  at  the  end  of  the  t«Ht.     For  a  long  test,  24  hours  or  more,  the 
tondition  is  estimated  by  the  eye;  if  the  tent  is  short  it  is  often 
nltarted  and  stopjied  with  bare  grat<t  bars. 

Under  a  short  test,  tlie  boiler  must  be  in  good  working 
Pordcr  about  an  hour  before  the  l>eginning  of  the  teat  so  that 
the  Itoiler,  brickwork,  cte.,  may  Ije  thoroughly  heated.  The  lire 
is  allowed  to  become  low  and  by  reducing  the  amount  of  steam 
taken  from  tlie  boiler  the  pressure  is  kept  up.      About  a  half  hour 

I  before  beginning  tlu!  test  the  fire  is  drawn  and  the  grate  cleaned. 
A  new  fire  is  quickly  started  with  wood  and  when  coal  is  first 
thrown  on  the  test  is  started.  Toward  the  end  of  the  test  the  fire 
is  allowed  to  bum  low  and  at  the  end  it  is  drawn  out  and  quenched 
with  aa  little  water  as  possible.  The  unburned  coal  ia  picked  out 
■uid  ''  weight  subtracted  from  tlie  coal  burned.  The  clinker  and 
ubes  are  Si-paratetl  and  weighed  mth  tlie  ashes  and  clinker  foimed 
during  the  test,  'I'he  wood  used  is  weighed  and  considered  as 
equal  to  .4  the  same  weight  of  coal. 

The  temiiei-ature  of  the  feed  wat^r  can  be  taken  Ijest  by 
moans  of  a  thermometer  in  a  cup  filled  with  oil  and  screwed  into  the 
feed  pipe  near  the  check  valve.  If  the  temperature  ia  nearly  con- 
stant, readings  at  intervals  of  fifteen  minutes  are  sufiScient;  if  tt 
»  varies  it  should  be  read  every  five  minutes. 
The  steam  pressure  shown  by  tlie  gage  ought  to  be  as  nearly 
flonstantas  possible  throughout  the  test  and  should  tte  practically 
tbe  same  at  both  the  beginning  and  end.  Readings  of  the  gage 
sboold  be  recorded  every  fifteen  minutes  and  tbe  fireman  i^hould 
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rrsid  it  more  often  to  k(»ep  it  i*onslant.  The  gage  should  Ixj  ti»sted 
and  a  correction  allowed  for  if  iiecessarw 

Haronietric  leadings  also  should  be  taken  ;  two  or  three  being 
sufficient  for  a  10-hour  run.  Barometer  readings  in  inches  of 
uiercui-y  are  reduced  to  jwunds  pressure  by  multiplying  by  .491; 
.491  pound  l)eing  about  the  weight  of  1  cubic  inch  of  mercury. 

If  a  vertical  boiler  furnishing  superheated  steam  is  being 
tested  both  a  pressure  gage  and  a  thermometer  should  be  used 
so  that  the  amount  of  8ui)erheating  may  be  readily  found  by 
subtnicting  the  temperature  due  to  pressure  (obtained  from  steam 
tables)  from  the  thermometer  readings. 

The  quality  of  the  steam  is  determined  from  a  throttling, 
separator  or  barrel  calorimeter,  the  first  or  second  being  preferable 
on  account  of  accuracy. 

Sani{)les  of  flue  gjus  may  be  taken  at  intervals  from  various 
places ;  from  the  chimney,  uptake  and  back  of  the  bridge.  The 
object  is  to  detennine  whether  there  is  sufficient  air  admitted  or 
whether  ux)  much  air  of  diluticm  is  used.  The  determination  of 
the  constituents  which  form  the  flue  gases  is  made  by  a  chemical 
analysis. 

The  draft  in  the  chimney  may  l)e  measured  by  a  U  tube 
partially  iillrd  with  water  or  by  a  draft  gage. 

Tilt*  above  an*  only  a  few  precautions  to  be  used  during  the 
test  and  nirrcly  serve  as  a  guide.  Many  of  these  readings  can  be 
taken  by  any  carrfnl,  intellij^ent  pei'son,  hut  sk'.ll  in  conducting  a 
test  can  Iw  altainiMl  onlv  bv  experitMice.  As  the  chance  for  error 
is  so  great,  care  and  aeenraey  must  Ik*  used  throughout,  both  dur- 
ing the  test  antl  while  working  up  the  data. 

CARE  OF    BOILERS. 

Starting  the  Fire,  The  fireman  should  first  ascertain  the 
water  level;  as  the  gage  ghiss  is  not  always  reliable  on  account 
of  impurities,  foam,  etc.,  the  gage  eoeks  should  be  tried.  In  a 
battery  of  boilc^rs,  the  gage  cocks  of  each  should  be  opened,  for  the 
water  may  not  stand  at  the  same  level  in  each.  The  safety  valve 
should  Im'  raised  slightlv  from  its  seat.  If  the  fire  has  been  banked 
over  night,  open  the  drafts  and  rattle  down  the  ashes  and  clinkers 
from  the  grate.      In  case  the  fire   has  bi'cn  allowed  to  go  out,  a 
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■  ■  am 


cliiat 


iniiy  Ix-  stai'teil  if  the  gage  glass  shows  the  proper 
nmoiint  of  water  mid  tlie  valves  work  well. 

If  until rac-ite  coiiI  is  used,  first  throw  a  tliia  layer  of  coal  all 
er  the  grate,  thi'ii  plaee  a  piece  of  wood  across  the  inoutli  of  the 
rrnsu-e  just  imtide  the  door  and  lay  other  pieces  of  wood  at  right 
igles  to  the  cross  piece  with  the  eiida  resting  on  it,  Tliis  allows 
a  space  uDder  the  wood  for  eir.  Now  throw  on  coal  until  the 
wiiod  is  covered.  The  fire  may  be  started  with  oily  cotton  waste, 
shavirigN,  or  any  combustible  uiaterial. 

Ket-p  the  furnace  door  open  and  the  dj'aft  plate  closed  until 
the  wood  is  burning  freely,  which  chusub  tiic  flame  to  pass  over 
and  thmugh  the  coal  and  to  ignite  it.  The  flre  is  then  spi-ead  or 
pushed  biick  evenly  over  the  furnace  bars ;  the  furnace  door 
hised,  tlie  ash  pit  door  o|iened,  as  the  draft  requires,  and  more 

added  when  necessary.  If  bituminous  cohI  is  used,  do  not 
liid  ft  thin  layer  over  the  grate  burs  under  the  wood. 

Tlie  fire  at  the  start  should  be  slow,  to  cause  gradual,  uniform 
heating  of  the  water  and  various  parts  of  the  boiler.  If  steam  is 
nused  too  rapidly,  enoniious  stniius  are  set  up,  due  to  unequal 
expansiou,  thereby  causing  leakage  at  joints  and  perhaps  rupture. 

If  tlie  boiler  is  of  the  water  tuVie  tyjw,  steam  iniiy  be  raised 
more  rapidly,  becaus<>  the  amount  of  water  is  less  and  the  joints 
are  usually  placed  at  some  distance  from  the  intense  heat  of  tliC 
fire. 

Tlie  fire  being  started,  the  method  of  adding  coal  depends  upon 
the  fireman,  the  kind  of  coal,  the  type  of  boiler,  and  the  nite  of 
combustion.  There  are  three  general  metliods  of  firing,  —  spread- 
ing, altfrnatt'  or  side  firing,  and  coking. 

Spreadififc  is  accomplished  by  placing  small  anionnta  of  coal 
unifonuly  over  the  entire  surface  of  the  grate  at  short  iiitervalB. 
Ity  this  method,  the  coal  is  thrown  just  where  it  is  wanted  and 
then  not  disturbed.  The  fire  should  be  hollowed  in  tJie  center, 
that  is,  itshoutd  Ire  thicker  at  the  sides.  Good  i-eaulta  are  obtained 
from  this  method,  since  the  fire  can  be  kept  in  the  right  condition 
at  all  times,  if  the  coal  is  of  the  right  sort.  During  the  operation 
of  firing,  the  door  should  Ite  kept  open  as  little  as  possible  or  the 
tire  will  be  cooled  by  the  entrance  of  the  cold  air.  For  a  short 
time,  while  the  coal  is  giving  off  gas,  the  draft  plate  of  the  furnace 
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d(H)r  sliould  \ie  o))ene(1,  in  onlor  that  suilicient  air  may  be  admitted 
alx)VO  tin*  coal  to  burn  tlio  hv«lrfH'arlx)ii8. 

When  the  alternate  or  side  firins:  method  is  used,  coal  is 
.spread  so  as  to  coiiiplet<»ly  cover  one  side  of  the  fire  at  one  firing, 
leaving  the  other  side  bright.  At  the  next  firing,  the  bright  side 
is  covenul.  The  hydr(H.?arbi»ns  given  off  by  the  fresh  coal  are 
burned  by  the  hot  gases  from  the  incandescent  coal.  This  meth<id 
is  su{»iM*ior  to  spi*ea(hng,  because  the  entire  furnace  is  not  CiK>led 
off  bv  the  addition  of  fresh  fuel. 

ft 

Side  Tiring  is  most  advantageous  with  two  himaces  leading  to 
a  common  combustion  chamWr.  The  furnaces  arc  fired  at  regular 
int(M'va]s  with  moderate  chargers  of  coal,  and  the  draft  plates  are 
ojM'ued  whih'  the  coal  is  giving  off  gas. 

The  two  systems  de8cribe<l  a1)ove  are  best  adapted  to  anthrir 
cite  coal,  since  it  burns  with  comparatively  little  smoke. 

With  bituminous  coaK  which  is  soft  and  bums  with  considei 
able  smoke,  tht*  coking  system  is  used.     The  coal  is  piled  on  the 
grate  just   inside  tlie  door,  and  allowed  to  coke  from  15  to  SO 
minutes.      During  this  time,  the  hydrocarbons  are  driven  off  and 
burned  })y  the  heat  from  the  fire.     In  order  to  fully  accomplish 
this,  air   must    be    a<linitted   al>ove  the  grate  through  the  draft 
plates  of  the  furnace  door.     The  coke  is  then  pushed  backwan! 
over  the  tire  and  a  new  supply  phurd  on  the  front  of  the  grate. 
Tlie  air  aduiiited   prevents  the  forming  (»f  carbon  monoxide  gas 
;ind  smoke.      At  the  same  time,  it  cools  the  furnace  somewhat  and 
i-educes  tin*  rate  of  evaporation.     This  objecticm  is   not  serious, 
unh'ss  a  Ijoilei*  luust  1h»  worked  to  its  fullest  capacity  in  order  to 
funiisli  tlie  lecjuinMl  jimount  of  steam.      If  this  is  the  case,  economy 
is  sacritircil  to  rapiditv.  fora  low  rate  of  condnist ion  is  usually  more 
economical  tluin  a  hi^h  rate.     The  necessary  thickness  of  a  bed  for 
the  Ih'sI  results  is  foui.d  })y  exjKM'iment.     It  dei)ends  on  the  dnifl 
and  the  kiml  of  coal  used.     If  the  former  is  strong  and  the  coal 
in  laru^e  lumps,  it  may  Ix'  thick,  ( alK>ut  one  foot)  ;  but  if  the  draft 
is  weak  or  if  the  coal  is  small,  the  be<l  must  be  thin  (about  three 
or  four  inches)  so  that  sniHcient  air  may  pixss  through.     In  marine 
Mnd   locomotive  work,  with  forced  draft,  the  bed  must  be  very 
thick  to  «iet  a  hnye  coal   consumption   })er  square   f<K>t   jK»r  hour. 
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With  the  Siiine  dnift,  bituminous  ciml  may  hv.  fired  more  tliickly 
tlian  authracito. 

After  finding  from  experiment  tlie  Ix^st  thickness  for  the  bed, 
keep  it  at  that  thickness.  Always  keep  the  l)ed  of  unifomi  thick- 
ness and  never  let  the  fire  burn  holes  in  the  bed,  and  do  not  let 
tlie  rear  of  the  grate  become  Ixire.  If  a  larger  amount  of  steam 
is  required,  fire  smaller  quantities  at  more  frequent  intei*vals.  Do 
iiot  fire  a  large  amount  of  coal  and  wait  for  the  pressure  to  rise. 
The  firing  of  fresh  coal  chills  the  furnace  and  temporarily  retiirds 
combustion.  It  should  be  fired  in  small  quantities  and  as  quickly 
as  possible.  Keep  the  fire  free  from  ashes  and  clinkei-s,  but  do  not 
cleiiii  the  fires  oftener  than  is  necessary. 

Four  tools  are  used  for  cleiining  tlie  fiiv.  The  slice-bar,  the 
prick-bar,  the  clinker  hook,  sometimes  called  tlu»  devil's  claw,  and 
the  hoe  or  raki.. 

The  siica-but-  is  a  long  straight  bar  with  the  end  flattened.  It 
is  used  to  break  up  clinkers  by  thrusting  it  between  the  grate  and 
the  fire.  It  is  also  used  to  break  up  caking  coal.  The  prick-bar 
is  similar  to  the  slice-bar  except  that  the  end  is  bent  at  right 
angles  like  a  hook.  To  n»move  ashes,  the  prick-bar  is  run  along 
up  between  the  grate  bjirs  from  underneath.  This  bar  is  often 
made  with  detachable  hook,  so  that  the  end  may  be  replaced  when 
bunied  off.  The  clinker  hook,  or  devil's  claw  is  used  to  haul  the 
fire  forward.  The  hoe,  or  rake,  is  used  to  draw  out  cinders,  to 
haul  the  fire  forward,  etc. 

In  cleaning  the  fire,  the  fireman  first  looks  to  the  water  and 
steam.  There  should  be  enough  water  and  sufficient  steam  press- 
ure to  last  during  cleaning.  Then  he  breaks  up  the  clinkers  with 
the  slice-l)ar  and  removes  the  ashes  with  the  prick-bar.  If  it  is 
necessary,  he  pushes  the  fire  to  the  rear,  thoroughly  cleans  the 
front  of  the  grate  bai-s,  then  hauls  it  forward  and  cleans  the  back 
of  the  furnace  bars.  Some  firemen  clean  one  side  at  a  time 
instead  of  fii-st  the  front  and  then  the  rear.  The  fire  should  be 
allowed  to  burn  down  before  cleaning,  but  sufficient  fuel,  called 
chaff,  should  be  left  to  start  the  fire  quickly.  Before  cleaning, 
partly  close  the  dampers  so  that  the  amount  of  cold  air  admitted 
will  be  small.  For  this  reason  and  to  prevent  loss  of  pressures 
clean  as  rapidly  as  possible. 
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Bankiiif^f  tlio  fire  ih'pends  upon  the  comlitioii  of  the  fire,  the 
fireman  himself  and  the  length  of  time  it  is  to  n»niain  bunked. 
First  cloixn  and  place  all  tluj  coal  in  a  snuill  space  at  the  bridge, 
then  cover  with  fresh  coal  to  a  depth  dei>ending  on  the  length  of 
time  the  fire  is  to  remain  kinked.  Then  close  all  dampers  and 
ojx^n  the  door.  Some  firemen  cover  the  front  of  the  furnace  bars 
with  ashes. 

To  start  from  a  kinked  fire,  in-st  examine  the  condition  of  the 
water  level,  steam  pressure,  safety  valves,  etc.  Then  clean  the  fire 
with  the  slici^-lmr  and  rattle  down  the  ashes  with  the  prick-bar. 
After  spreadin*^  the  coal  evenly  over  the  gmte  cover  with  a  thin 
layer  of  coal  and  o{)en  the  dampers. 

Condition  of  Water.  The  firat  duty  of  the  engineer  or  fire- 
man is  to  know  at  all  times  the  hi»ight  of  water  in  each  and  every 
boiler  under  his  care.  The  gage  cocks  should  be  tried  frequently, 
because  the  water  gJige  is  not  always  reliable.  The  fires  should 
never  be  unbanked  nor  replenished  without  sufficient  water  in  the 
boiler. 

Qage  Coclcs  and  Water  Glasses  should  be  kept  clean  and  in 
constant  use.  This  is  important  because  if  the  connections  become 
clogged  by  dirt  and  impurities,  the  gage  glass  will  not  show  the 
true  level. 

The  Safety  Valve.  These  valves  should  be  of  ample  size  and 
in  good  working  order.  They  should  be  i*aised  cautiously  and 
fre(|uently,  as  they  are  likely  to  stick  to  their  seats  if  seldom  used, 
i)r  if  the  feed  water  is  corrosive.  Thev  should  be  tried  at  least 
once  a  day. 

The  Pressure  Qage.  The  pointer  of  the  pressure  gage  should 
stand  at  zero  wIk'M  tlnTc  is  no  steam  pressure  in  the  boiler.  If  it 
does  not,  it  should  bt*  corrected  and  compared  with  a  stiind 
ard  gage.  If  th(^  gii^'<'  indicates  the  limit  of  pressure  and  the 
safety  valve  dnes  not  blow  off,  baidv  the  fire;  also  if  convenient, 
test  th(^  gJigti  and  if  found  to  be  correct,  investigate  the  condition 
of  the  safetv  valve. 

Fusible  Plugs.  Whenever  the  boiler  is  cleaned  these  safety 
devices  should  be  cleaned  on  both  sides.  Thc^y  should  be  scraped 
if  necessary.     If  not  kept  clean  they  are  likely  not  to  act. 

The  Ash  Pit.     Keep  the  ash  pit  clean  to  prevent  the  excess- 
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ive  heat  uiulerneath  from  Imriiing  the  grate  bars.  If  the  ash  pit 
is  shallow,  it  is  often  filled  with  watt»r  to  a  depth  of  about  two 
inches. 

Cleaning.  All  parts  of  the  l>oiler  which  are  exposed  to  the 
fire  should  be  kept  clean.  All  tul)es  and  flues  should  be  swept  as 
often  as  possible.  The  frequency  of  cleaning  depends  upon  the 
kind  of  fuel  and  the  nature  of  tlie  wat(»r.  No  boiler  is  economical 
if  the  heating  surfacte«  are  allow(»d  to  become  covered  with  a  tliick 
bed  of  soot  and  dirt.  The  layer  of  dirt  should  never  be  over  ^^ 
of  an  inch  in  tliickness.  Ilandholes  and  manholes  should  be 
frequently  removed  and  surfaces  examined  and  cleaned.  In 
replacing  handhoie  caps  and  manhole  covers,  clean  the  machined 
surfaces  without  scratching,  smear  with  oil  and  s(!rew  up  tight. 
The  boiler  should  be  emptied  as  oft(»n  as  once  in  two  weeks  and 
even  more  often  if  the  feed  water  is  impure.  The  surface  blow-out 
should  be  opened  when  there  is  no  demand  for  steam.  If  the  w^ater 
is  nmddy,  or  comes  from  a  condenser  and  cont^iins  oil,  live  or  six 
mches  of  water  should  be  blown  out  every  day.  Never  blow  off 
when  the  steam  pressure  is  high.  Make  sure  no  water  is  escaping 
when  the  blow-off  cock  is  supposed  to  be  closed.  Scale  should  be 
prevented  if  possible,  but  if  it  is  formed,  it  should  be  removed 
frequently  as  it  is  a  poor  conductor  of  heat,  thereby  reducing  the 
efficiency  of  the  heating  surfaces  and  rendering  them  likely  to 
burn.  Scale  may  be  removed  by  any  one  of  several  methods,  but 
those  which  require  sharp  tools,  or  which  cause  unequal  expansion 
should  never  be  used,  as  the  boiler  may  be  seriously  damaged. 

Feed  Apparatus.  It  is  good  practice  to  have  two  independ- 
ent wajTS  of  feeding  the  boiler.  The  pump  and  the  injector 
should  both  l)e  of  sufficient  capacity  to  supply  the  feed  water  and 
whichever  is  in  use  should  be  run  as  uniformly  and  continuously 
as  possible.  Check  valves  and  feed  valves  should  be  examined 
and  cleaned  frequently.  Cold  w^ater  should  never  be  fed  into  any 
lK>iler  when  it  can  be  avoided.  But  if  it  is  necessary  to  do  so,  it 
sliould  enter  the  boiler  so  that  it  will  not  come  in  contact  with  the 
plates  before  it  has  mixed  with  the  warm  water  in  the  boiler. 

Low  Water.  In  case  of  low  water,  cover  the  fire  with  wet 
ashes,  or  fresh  coal  if  ashes  are  not  convenient.  Draw  the  fire  as 
sooD  as     may   be  without  increasing  the  heat.      Do  not  admit 
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more  cool  water.  Do  not  start  or  stop  the  engine  or  lift  flu* 
safety  valve.  Never  lill  a  hot  l>oiler  with  cold  water  as  leaks  ai»il 
fnictiires  may  result. 

Foaming.  Close  the  throttle  or  atop  valves  and  ktH>p  it 
clost^l  nntil  the  water  becomes  quiet  and  shows  the  true  level. 
Foaming,  if  causeil  hy  dirty  water,  can  usually  l)e  stopj>ed  l»v 
blowing  oir  and  fitnling  fresh  water,  if  the  boiler  primes,  lower 
the  water  line. 

Blowing  Off.  Never  empty  a  boiler  while  it  is  hot,  lx»^»anso 
the  deposits  of  stnliment  and  grease  will  become  baked  on  the  heat- 
ing surfaces  and  will  have  to  be  removed  by  mechanical  mean?. 
One  of  the  best  methcKls  of  preventing  scale  is  to  allow  the  lK)iler 
to  cool  irraduallv  and  stand  a  few  davs  with  cold  water  in  it  Wore 
emptying. 

Dampness.  The  exterior  of  boilers  should  be  examined  fre- 
quently, esj>eeially  if  tlio  location  is  damp,  or  there  is  much  brick- 
work setting.  Xo  water  should  eonie  in  cout4ut  witli  the  exterior 
of  tlie  lK)ih'r,  either  from  leaky  joints  or  other  sources,  si.s  it  causes 
corrosion.      Do  not  allow  the  covering  to  become  damp. 

Air  Lealcs.  The  admission  of  air  from  the  brickwork  to  the 
combustion  chainlH^r,  or  to* the  flues  is  a  source  of  loss. 

The  ])<)il(»i-  should  often  l)e  examined  for  l)list«i*s,  cracks,  and 
defei.*tiv«'  joints,  and  if  any  appear,  sliDuhl  receive  prompt  attention. 

Galvanic  Action.  If  galvani(j  action  lietween  the  water  an«l 
the  copprr  and  iron  is  suspected,  hang  a  piece  of  zinc  in  the  Ih^II'T. 

If  a  bnjlci-  is  to  stand  unused  for  some  time,  it  may  be  kept 
in  good  condition  by  any  one  of  several  methods.  It  maybe  com- 
pletely iilliMl  with  water  in  which  a  quantity  of  common  sfnla  lias 
been  dissolved,  or  it  may  be  emptied,  thoroughly  dried,  and  trays 
of  quicklime  placed  in  the  bottom.  The  boiler  is  tlieii  sealed  aa 
nearly  air  tight  as  ])ossil>le. 
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Principles  of  Action.  A  pump  is  primarily  a  machine  de- 
signed for  lifting  liquids, or  for  conveying  them  to  a  distance  through 
])i])es,  or  both.  To  accomplish  these  results  may  be  used  the  priii- 
ciples  of  suction,  lifting,  or  forcing  or  any  combination  of  them;  in 
practice  generally  the  first  is  combined  with  one  of  the  other  two. 

Suction,  so-called,  is  really  the  pressure  due  to  the  weight  of 
the  atmosphere  acting  to  force  the  liquid  into  a  space  wherein  a 
partial  vacuum  has  been  created  by  removing  a  part  of  the  matter 
that  filled  it.  The  amount  of  pressure  available  in  any  instance 
for  forcing  in  the  liquid,  depends  upon  the  completeness  with 
which  the  matter  has  been  removed  from  the  space  in  which  suc- 
tion is  acting,  and  on  the  weight  of  the  atmosphere  at  that  place. 
If  all  matter  could  be  removed  from  the  suction  chamber,  a  perfect 
vacuum  would  be  created  and  the  full  pressure  of  the  atmosphere 
would  be  effective;  a  condition  closely  approaching  this  is  created 
in  the  barrel  of  a  pump  when  no  air  is  present  and  the  plunger  or 
part  of  the  liquid  is  withdrawn. 

If  there  be  any  air  present,  it  will  expand  and  fill  the  vacant 
space,  its  pressure  falling  as  the  volume  increases;  the  pressure 
available  to  force  in  the  liquid  by  suction  will  be  the  difference 
Ix^tween  that  due  to  the  weight  of  the  atmosphere  and  the  final 
pressure  in  the  suction  chaml)er.  The  greater  the  amount  of  mat- 
ter removed  fr6m  the  suction  chamber,  the  less  will  be  the  result- 
ing pressure  therein  and  the  greater  the  difference  available  for 
moving  the  liquid. 

Tlie  other  factor,  the  weight  of  the  atmosphere,  varies  with 
its  condition  and  the  altitude  as  shown  by  the  barometer.  The 
following  table  compiled  from  "  Kent's  Mechanical  Engineers' 
Pocket  Book  "  and  "  Nystrom's  Mechanics  "  gives  barometer  read- 
ings, the  pressure  |K*r  scjuare  inch,  and  lieights  above  sea  level  cor- 
responding to  each  other;  the  altitude  being  at  40^  latitude  and 
temperature  GO"'  Fahrenheit, 
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TABLE  I. 

Barometric  Reading 

Atmospheric  Pressure 

Altitude  above 

in 

in  Pounds 

Sea  Level  in 

Inches  of  Mercury. 

per  Sqiuire  Inch. 

Feet. 

30 

14.72 

0 

29.75 

14.60 

232 

29.50 

14.47 

466 

29.25 

14.35 

703 

29.00 

14.23 

941 

28.75 

14.11 

1181 

28.50 

13.98 

1424 

28.25 

13.86 

WiS 

28.00 

13.74 

1915 

27.50 

13.50 

2415 

27.00 

13.26 

2924 

26.50 

13.02 

3443 

26.00 

12.77 

3972 

25.50 

12.53 

4511 

25.00 

12.27 

5061 

24.50 

12.03 

5621 

24.00 

11.78 

6191 

23.50 

11.54 

6778 

2;3.(X) 

11.30 

7375 

22.50 

11.05 

7985 

22.00 

10.80 

8609 

21.50 

10.56 

9247 

21.00 

10.31 

9900 

20.00 

9.81 

11254 

19.(K) 

9.32 

12678 

18.00 

8.82 

14179 

17.00 

8.33 

15766 

16.00 

7.84 

17448 

15.00 

7.35 

19240 

14.00 

6.86 

21155 

13.00 

6.37 

23212 

12.00 

5.88 

254,33 

11.00 

5.39 

27848 
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As  the  weight  of  a  column  of  water  one  foot  high  and  one 
inch  square  is  0.433  pound,  it  follows  that  the  atmospheric  pressure, 
which  at  sea  level  is  ordinarily  14.72  pounds  per  square  inch,  can 
support  a  column  of  water  as  many  feet  high  as  0.433  is  contained 
in  14.72  or  34.2  feet.  The  height  of  column  which  can  be  sup- 
|)orted  decreases  as  the  altitude  increases.  At  the  top  of  a  moun- 
tain two  miles  hiirh  it  would  be  only  9.81  ^  0.433  =  22.7  feet. 

This  is  the  height  which  could  be  barely  supported  if  the 
vacuum  were  |)erfect.  In  practice  the  height  to  which  water  can 
bo  lifted  is  much  less,  because  it  is  impossible  to  obtain  a  perfect 
vacuum  on  account  of  leakage  of  valves  and  joints,  and  the  atmos- 
])heric  pressure  must  overcome  friction  in  pipes  and  passages,  so 
that  the  possible  lift  is  reduced  to  not  ovx*r  25  feet  at  sea  level  and 
this  only  for  slow  working.  It  is  better  to  attempt  only  20  feet  or 
even  less  if  the  pump  is  to  work  rapidly.  If,  however,  a  high 
suction  lift  is  imj)erative,  it  may  be  obtained  by  admitting  air  with 
the  watt.r  in  suitable  proportions  to  form  a  heavy  spray  so  that 
the  weight  per  cubic  foot  of  the  mixture  is  considerably  reduced. 
In  this  way  a  lift  of  as  much  as  100  feet  may  be  possible,  but  of 
course,  at  the  expense  of  the  weight  of  water  pumjied  pei  stroke, 
so  that  either  the  pump  must  be  run  at  a  higher  s|)eed  or  a  larger 
pump  must  be  used.  The  air  should  be  admitted  to  the  suction 
pipe  through  several  small  openings  a  little  above  the  level  of  the 
water  in  the  supply  reservoir.  The  suction  must  be  primed  each 
time  the  pump  is  started. 

Probably  the  earliest  example  of  a  practical  steam  pump  was 
that  built  at  Baglan  Castle  by  the  Marquis  of  Worcester  in  1()30. 
This  employed  both  suction  and  pressure,  two  vessels  making  the 
Cow  continuous.  Steam  was  admitted  from  a  boiler  through  valve 
B',  Fig.  1,  to  the  chamber  A',  and  the  pressure  forced  the  water 
upwards  through  the  valve  F'and  pij)e  E;  the  valve  C  preventing 
its  return  to  the  reservoir.  Meantime  the  chaml)er  A  was  shut  off 
from  the  boiler,  and  the  cold  water,  condensing  the  steam,  caused 
a  partial  vacuum  so  that  water  was  forced  up  through  valve  C  and 
pif)e  D  into  the  chamber  A.  When  A'  was  emptied  and  A  filled, 
the  steam  valves  were  reversed  and  A'  became  filled  while  A  was 
being  emptied. 

Practically  all  pumps,  except  those  to  which  the  liquid  comes 
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under  pri'saiire.  upo  tli«  BHction  principle  for  fillinjr  their  cj'linden. 
Tlie  suftioo  lift  is,  however,  usually  but  a  few  feet  except  wher* 
deep  mines  are  drained,  and  in  the  case  of  air  pumpB  for  condeoB- 
era  in  which  the  ouction  is  always  kept  at  the  highest  possible 
value.     In  order  to  improve  the  suction  action,  valves  and  supplj 
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pipes  must  U:  ki-pt  with  nil  iicjitiii;;s  ami  joints  absolutely  tight. 
Lifting.  Tins  liTtiiitj  pump  \a  Binipiy  a  bucket  li,  Fig.  2. 
winking  itj  a  vi-rti(.-!il  barrel  A  and  no  arrantrfd  that  the  water  is 
ciiiij^lit  above  lilt!  bui'kt-t  auil  raised  on  the  upwunl  stroke  to  the 
top  of  llic  barrel  or  to  a  [loiut  where  au  overflow  is  providal. 
Usually  the  bucket  is  tilled  on  the  down  stroke  hy  means  of  a  valve 
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C  in  the  bottom,  and  if  the  lift  ia  for  any  considerable  distance,  it 
is  necessary  to  put  a  foot  valve  E  at  the  bottom  of  the  inlet  pipe  to 
prevent  the  liquid  from  sinking  in  the  barrel  when  the  bucket  de- 
scends. By  this  means  suction  also  is  introduced,  since  the  space 
D  above  the  foot  valve  is  filled  from  the  reservoir  by  suction  dur- 
ing the  up  stroke  of  the  bucket.  The  pump  may  then  be  placed 
at  any  distance  above  the  reservoir  within  the  limit  already  stated, 
and  at  any  distance  horizontally;  but  it  should  be  remembered  that 
the  8j)eed  of  working 
and  height  of  lift  must 
be  decreased  if  the  hori- 
zontal distance  is  ma- 
terially  increased,  and 
that  it  is  always  better 
to  make  the  suction 
])ipe  as  short  as  pos- 
sible. 

Forcing.  The  sue- 
tion  effect  is  used  in 
all  ])umj)s,  at  least  to 
fill  the  barrel,  but  the 
lifting  principle  is  un- 
common except  where 
the  discharge  is  to  be 
directed  from  a  spout 
at  the  top  or  in  the  side 
of  the  barrel,  as  in  mine 
drainage  and  house 
pumj)8.  Tf  it  is  neces- 
sary to  raise  the  li(][uid 
to  a  j)oint  above  the  pump  level,  either  a  piston  or  a  plunger  work- 
ing in  a  closed  chamber  is  used  to  force  the  li(juid  through  dis- 
charge  valves,  against  whatever  pressure  may  be  necessary,  into 
the  delivery  pipe;  return  currents  being  prevented  by  the  closing 
of  the  discharge  valves. 

As  seen  in  Fig.  3,  the  jJunger  Pon  the  outward  stroke  draws 
water  from  the  reservoir  through  j)ij)e  A  and  inlet  valves  E  into 
the  barrel  B.     On  the  inward  stroke,  the  valve  E  will  close  and, 
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since  liquids  are  j^ractically  incompressible,  the  discharge  valves 
I)  will  open  allowing  the  water  to  }>asa  into  the  discharge  chamber 
and  out  the  pipe  C.  Fig.  3  represents  a  single-acting  plunger 
punij),  but  the  action  is  the  same  for  a  piston  or  for  a  double-acting 
jmnip  except  that  there  are  two  sets  of  valves.  Although  the  force 
is  exerti»d  on  the  mass  of  liquid  in  a  direction  lengthwise  of  the 
barrel,  yet,  since  pressure  is  transmittal  equally  in  all  directions, 
the  valves  will  o])en  j)romptly  if  located  in  any  position  with  respect 
to  the  barrel. 

Tlio  pressure  against  which  the  pump  must  act  in  forcing  de- 
pends on  the  weight  of  the  valves,  the  ppring  pressure,  if  any,  used 
to  close  them  quickly  and  the  height  to  which  the  liquid  is  to  be 
raiseil,  or  as  it  is  technically  tenntnl,  the  "  head,"  against  which  the 
j)ump  is  to  work.  For  water,  the  pressure  jwr  square  inch  in- 
creases  one  jx)und  for  every  2.)J2  feet,  or  as  previously  stated  one 
foot  of  head  proiluces  0.43;5  j)ound  j)ressure  per  square  inch.  There 
is  no  theoretical  limit  to  the  height  to  which  a  liquid  may  be  raised 
by  forcing,  but*  the  S])et^l  of  starting  and  stopping  the  column  of 
water,  that  is,  the  number  of  strokes  |kt  minute,  must  be  decreased 
as  the  delivery  pipe  becomes  longer,  if  water-hamiuer  is  to  be  avoid- 
ed; this  is  true  whether  the  lencjth  be  horizontal  or  vertical.  This 
hammer  effect  is  due  to  the  force  necessary  to  overcome  the  inertia 
of  the  column  of  licjuid  and  start  or  stop  its  motion.  If  not  prop- 
erly taken  into  account,  either  by  using  slow  speeds  or  providing 
adequate  air  chambers  to  take  up  the  shock,  it  will  always  produce 
destructive  results.  Wear  on  the  outlet  valves  also  limits  the 
height  to  which  water  may  be  forced,  as  this  wear  increases  with 
the  head  and  makes  it  ditHcult  to  keep  the  valves  tight. 

Usually  no  special  ])recautions  are  required  up  to  pressures  of 
500  ])()und3  ]kt  Sijuare  inch;  above  this,  care  must  be  exercised  up 
to  the  limit  of  2,000  ])ounds,  which  is  as  high  as  will  be  required 
for  lifts  or  presses  except  in  special  cases.  Anything  above  this 
recjuires  the  greatest  ])recaulions,  not  only  as  to  strength  of  parts, 
form  of  valves  luid  ]>acking  of  joints,  but  even  with  respect  to 
(juality  of  castings.  Water  will  sometimes  leak  through  what  ap- 
pears to  be  solid  metal. 

Tli(^  pressure  ])roduced  by  water-hammer  is  taken  advantage 
of  in  one  sj)ecial  form  of  pump,  the  hydraulic  ram,  in  which  the 
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TABLE  II. 

Head 

Pressure 

Head 

Pressure 

Head 

Pressure 

in 

poands  per 

in 

pounds  per 

in 

pounds  per 

firet. 

square  inch. 

feet. 

square  inch. 

feet. 

square  inch. 

1 

.43 

46 

19.92 

91 

39.42 

2 

.80 

47 

20.35 

92 

39.85 

3 

1.30 

48 

20.79 

93 

40.28 

4 

1.73 

49 

21.22 

94 

40.72 

5 

2.16 

50 

21.65 

95 

41.15 

6 

2.50 

51 

22.09 

96 

41.58 

7 

3.03 

52 

22.52 

97 

42.01 

8 

3.46 

53 

22.95 

98 

42.45 

9 

3.89 

54 

23.39 

99 

42.88 

10 

4.33 

55 

23.82 

100 

43.81 

11 

4.76 

56 

24.26 

101 

43.75 

12 

5.20 

57 

24.69 

102 

44.18 

13 

5.63 

58 

25.12 

103 

44.61 

H 

6.06 

59 

25.55 

104 

45.05 

15 

6.49 

60 

25.99 

105 

45.48 

16 

6.92 

61 

26.42 

106 

45.91 

17 

7.36 

62 

26.85 

107 

46.34 

18 

7.79 

63 

27.29 

108 

46.78 

19 

8.22 

64 

27.72 

109 

47.21 

20 

8.66 

65 

28.15 

110 

47.64 

21 

9.09 

66 

28.58 

111 

48.08 

22 

9.53 

67 

29.02 

112 

48.51 

23 

9.96 

68 

29.45 

113 

48.94 

24 

10.39 

69 

29.88 

114 

49.88 

25 

10.82 

70 

30.32 

115 

49.81 

26 

11.26 

71 

30.75 

116 

50.24 

27 

11.69 

72 

31.18 

117 

50.68 

28 

12.12 

73 

31.62 

118 

51.11 

29 

12.55 

74 

32.05 

119 

51.54    ' 

30 

12.99 

75 

32.48 

120 

51.98 

31 

13.42 

76 

32.92 

121 

52.41 

32 

13.86 

77 

33.35 

122 

52.84 

.  33 

14.29 

78 

33.78 

128 

53.28 

34 

14.72 

79 

34.21 

124 

53.71 

35 

15.16 

80 

34.65 

125 

54.15 

36 

15.59 

81 

35.08 

126 

54.58 

37 

16.02 

82 

85.52 

127 

55.01 

38 

16.45 

83 

35.95 

128 

55.44 

39 

16.89 

84 

36.39 

129 

55.88 

40 

17.32 

85 

36.82 

130 

56.81 

41 

17.75 

86 

37.25 

131 

56.74 

42 

18.19 

87 

37.68 

132 

57.18 

43 

18.62 

88 

38.12 

133 

57.61 

44 

19.05 

89 

38.55 

184 

58.04 

45 

19.49 

90 

88.98 

185 

58.48 

850 
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force  prcxluctHl  by  tin*  inortia  of  a  larf^e  column  of  water  suddenly 
checktHl  is  utilize<l  to  niiso  a  small  column  against  a  liigh  pressiu^. 
The  working  of  the  apjuiratus  is  seen  from  Fig.  4.  "Water  flowing 
from  pi|)e  F  into  the  chaml)er  A  will  escape  through  valve  V 
(closed  in  the  figure)  to  discharge  pi|)e  I);  but,  as  the  velocity  of 
flow  increases,  valve  V  will  be  lifttni  and  clost»d  checking  the  flow 
of  water.  The  force  thus  developed  will  o|R*n  valve  V  against 
the  pressure  of  the  spring  and  the  head  of  water  in  the  small  pipe 
E,  and  some  water  will 
be  forced  into  cham- 
ber B  and  up  ])ij)e  E 
or  into  the  air  cham- 
ber C  c()m])ressing  the 
air.  AVater  will  pass 
into  B  until  the  force 
due  to  water  hammer 
is  so  decreased  that 
valve  V  closes  and 
valve  V  o])ens  once 
more,  when  water  will 
uixain  overflow  and  the 
process  be  re|)i'ated. 
The  head  attain  st 
^liich  the  rum  will 
work  iiiJiy  be  almost 
any  amount,  but  the  ratio  of  water  raised  to  that  wasted  at  the  over- 
flow will  decrease  as  the  lu»ad  on  valve  V  increases.  In  any  case, 
tlio  ratio  will  bo  small  and  the  ram  wasteful,  so  that  its  use  is 
advisable  only  where  the  siipj)ly  of  water  is  almost  unlimited,  other 
|K)wer  is  dillicult  to  procure,  or  the  amount  to  be  raised  is  very 
small.  Table  III  irives  the  relation  of  etticiencies  and  ratio  of 
lifting  to  forcing  heads,  which  according  to  I).  K.  Clark,  may 
fairly  be  expected  with  a  ram  of  gocnl  design. 

TABLE  111. 

Katioof  lift  to  fall     4       i)       S     10     12     14     10     18     20     22 
EtHciency  per  cent    VJ     r,l     r>2     44     HI     HI     25     10     14       U 

The  ram  should  be  arranged  with  a  drive  pipe  whose  length  is 


Fig.  4. 
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at  least  five  times  the  fall,  in  order  to  give  a  long  eoliinm  of  mov. 
ing  water  and  inerease  the  water-haninier.  The  diameter  of  drive 
pipe  is  usually  twice  that  of  the  lift  pipe. 

KINDS  OF  PUnPS. 

In  classifying  pumps,  the  division  may  be  made  according  to 
any  one  of  several  methods:  As  to  the  principles  of  action,  the  de- 
tails of  construction,  the  means  of  driving,  or  the  purposes  for 
which  they  are  used.  With  respect  to  principle  of  action  the  classes 
may  be: 

1.  Lifting, 

2.  Forcing, 

3.  Combinations. 

AVith  regard  to  the  details  of  construction* 

1.  Jet, 

2.  Rotary, 

3.  Centrifugal, 

4.  Reciprocating. 

With  regard  to  uses,  the  division  is  difficult,  since  the  same 
pump  is  freijuently  used  in  different  places  for  different  pur])ose8. 
Such  classes  as  tank  pumps,  boiler-feed  pumps,  air  j)uni])S  and 
mine  pumps  are  fairly  definite,  but  the  details  vary  so  much  with 
different  makers  that  it  is  impossible  to  draw  sharp  distinctions. 

From  the  discussion  of  the  principles  of  action  we  know  that 
practically  all  power  pumps  are  of  the  third  class,  that  is,  work  by 
a  combined  lifting  action  due  to  suction  and  forcing.  But  the 
second  classification  is  yet  to  be  considered. 

The  Jet  Pump.  The  first  variety,  the  jet  pump,  is  j)erhaj)S 
best  known  in  the  form  of  the  injector,  but  the  principle  is  worthy 
of  a  much  wider  application  than  it  now  has.  In  the  form  of  a 
steam  or  water  ejector  it  may  be  used  for  lifting  water  by  suction 
and  raising  it  to  a  considerable  height,  while  its  simplicity  and 
ease  of  apj)lication  give  it  a  large  field  of  usefulness.  A  convenient 
form  for  an  ejector  is  shown  in  Fig.  5.  The  propelling  jet  may 
be  either  steam  or  water  under  pressure  entering  through  the  valve 
A  and  flowing  from  nozzle  D  which  should  be  made  with  a  de- 
creasing  taper  like  a  hose  nozzle.  If  steam  is  used,  it  will  be 
necessary  to  provide  a  small  injection  pij)e  with  valve  for  supply- 
ing water  to  condense  the  jet  and  create  a  vacuum  at  the  start, 
otherwise  the  steam  will  blow  through  the  apparatus  and  will  not 
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lift  tho  water  in  the  suction  pi|K'.  In  this  case,  the  heat  enorgyof 
the  stwiii!  will  be  converted  into  velocity,  and  will  be  available  foi 
drawincr  and  foixMiitr  tho  water  so  that  it  can  be  raised  to  a  consid- 
erablo  heirrlit.  Tho  etKcieiicy  of  a  well-designed  steam  ejector 
shouM  ho  nearly  e<jnal  to  that  of  an  injector  and  will,  like  that, 
di»j)iMi<l  on  the  teni|KTaturo  of  tlie  water  and  the  height  of  the  suc- 
tion and  lift. 

In  j)nnij)ing  into  a  l)oiler,  the  efficiency  of  an  injector  is  nearly 
100  per  cent  l)eeauso  nearly  all  the  heat  energy  which  is  lost  io 
friction  goes  to  heat  up  the  feed  water  and  is  therefore  utilized; 
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but  for  otner  purposes,  tlie  injector  or  ejector  is  wasteful  of  heat 
and  cannot  bo  consideriMl  eeononiical.  Its  convenience,  however, 
iri  a  strong  j)oint  in  its  favor,  and  where  the  amount  of  water  to  be 
lifted  is  not  large,  or  if  it  is  to  bo  ustnl  only  occasionally,  it  will 
often  ]»ay  to  use  it  rather  than  to  install  a  more  elaborate  and 
costly  jainij). 

When  water  under  pressure  is  used  as  driving  power,  it  is  not 
neeessarv  to  have  the  inlet  at  B.  The  flow  of  the  water  fiom  the 
nozzle  will  carry  along  the  air  and  create  a  vacuum  at  D  which 
will  draw  tho  water  up  tho  pipe  (\  There  is  no  heat  energy  avail- 
iiblo  as  in  tho  case  of  steam,  so  that  the  water  can  furnish  only  such 
an  amount  of  ])ower  as  is  due  to  its  weight  and  the  velocity  with 
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which  it  leaves  tho  ejector  nozzle ;  and,  ae  the  etUciency  is  tow,  not 
over  one  fourth  of  the  energy  furniBhed  to  the  ejector  at  A  will  b© 
available  to  move  water  at  E.  For  a  water  injector  it  13  well  to 
proportion  the  p'lies  bo  that  the  head  on  A  times  tho  area  of  D 
equals  twice  the  Biiction  and  lifting  heads  cojnl>inetl  innltiplied  by 
tho  area  uf  C;  and  to  make  the  aroa  of  E  equal  to  ttie  area  of  D 
phis  tho  area  of  C,  if  the  apparatus  is  to  he  used  iis  a  water  ejector. 
For  steam,  a  ^-inch  pipe  at  A  for  a 
S-incli  at  C  and  a  2^-inch  at  E  has 
been  found  to  work  well  when  tlie 
head  on  E  was  small,  and  if  the  water 
is  under  city  pressure  a  ^-iuch  pipo 
at  I!. 

It  is  well  to  reuiember  that  the  e 
ergy  of  a  jet  of  either  steam  or  water  1 
dejtends  more  on  the  velocity  than  on 
the  weight  flowing,  since  the  energy 

available  per  second  equals-j^ — where 

"W  is  the  weight  flowing  per  second, 

wis  the  velocity  in  feet  per  second  and 

g  is  the  acceleration  due  to  gravity;  therefore,  for  good  efficiency, 

it  is  best  to  use  high  pressure  whenever  jjossible. 

Rotary  Pumps.  These  have  been  but  little  used  because,  aa 
UBually  designed,  tlieir  efficiency  has  been  low.  Thej  are,  how- 
ever,  useful  iu  many  cases  and  are  well  adapted  for  moving  large 
volumes  of  liquid  at  low  pressures.  This  pump  moves  the  liquid 
by  catching  it  between  the  Jobea  of  the  revolving  propellers  and 
the  casing  of  tho  pump  and  sweeping  it  around  frojn  the  suction 
pipe  to  tho  discharge  ;  its  retnrn  being  jirevented  by  tho  obstacle 
of  tho  lobes  and  cylinders  iu  tho  CL^nter.  All  are  niiido  on  tho  same 
principle,  the  diflference  being  in  the  design  of  the  lobes  and 
cylinders. 

These  are  of  many  forms,  but  twonill  be  sufficient  to  illustrate 
the  principles.  Fig.  ')  ia  the  lie rren berg;  here  the  lolies  are 
made  by  two  pieces  of  tube  fastened  ojijiosite  eaeh  olher.  Tho 
tubes  extend  from  the  semi-eylindrieal  o]>enings  and  make  a  joint 
vith  the  other  lobe  by  flttin^  in  as  shown.     The  axles  are  geared 
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together  oiitsido  thu  (.'axing  niid  aro  BU]i]>ort(><l  Ity  bearings 
insitlu  ami  oiitaidv,  %v1iich  aru  tajH-tvil  to  allow  taking  up 
WL".ir  and  kifping  tho  charts  trui'.  The  curves  in  Fig.  7  show 
the  retiuha  from  a  s<Ties  of  tests  made  on  a  2-inch  pump  hy  Hr. 
It.  A.  Hale  and  reconled  in  IJarr'a  "  Puinj>ing  Machinery."  These 
show  tlmt  the  eHiciouey  of  the  pump  increases  with  tlie  pressure 
against  uhicli  it  is  working  up  to  a  certaiu  juiut,  and  then  falls 
otf,  while  comjtarisOD  of  the  curves  at  different  speeds  shows  that 
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POUNDS   PRESSURE   PER  SQUARE   INCH. 

Pis.  7. 
the  ofliciency  bceoniefl  less  a^  the  sjieed  increases.  This  is  apparent 
beeauriu  the  loss  from  friction  is  not  doubled  by  doubling  the  head, 
while  the  amount  of  water  will  be  the  same  per  revolution,  no 
itiiittcr  what  tin-  jiressure  m:iy  Iw.  The  exception  to  this  is  due  to  slip 
wliich  increases  as  the  pressure  becomes  greater.  Hence  the  useful 
Work  will  increase  up  to  tliut  j)oint  where  the  loss  due  to  leakags 
and  fricliuii  more  than  balances  the  increase  of  work  due  to  the 
increased  head.  The  saiiiu  reasoning  applies  to  tlie  s^)eed,  except 
that  in  lliis  case  the  friction  work  will  increase  in  projtortion  to  the 
6[)eed,  so  that  the  gain  from  the  added  work  due  to  the  increase  of 
sjwed  is  not  as  great  as  from  increase  of  head. 

Another  style  of  rotary  pump  is  shown  in  Fig.  8  in  which  the 
two  pistons  artt  ao  designed  that  their  bounding  surfaces  are  always 
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in  contact,  thus  fortihinp  tilts  joint.  Tti  Ihis  tvjie  it  ia  iriifx)rtant 
that  tlie  siirfa('i'3  be  of  Ibo  correct  Bliapo,  olhorwiso  a  pocket  will 
l>e  foniiL-d  in  wLich  watiT  will  bo  i-aiitiiit.  This  Trater  will  be  com. 
pri'swi-d  as  ibe  volume  of  tbe  pockt-t  becomeB  snialler.  Aa  water  is 
practically  im-ornpr.'sBible,  it  must  eiibcr  leak  past  tbe  joint  or 
^urat  tbo  pump,  la  oiiler  to  prevent  Ibis,  a  ]M>rt  is  Bometimea 
Rit  in  the  catting  to  allow  tbe  wati^r  to  bypass  and  relieve  the  pres- 
If,  Lowevcr.  ibo  oiitlitio  of  tbo  lobes  is  made  of  the  right 


ia|,.'. 


tbcris 


Fig.  8. 

esaarj.  It  has  been  demonstrated  that  the  curves  to  use  for  the 
outline  of  tbe  lobes  are  the  cycloids,  as  they  can  fonn  the  wbolo 
outline  and  will  make  a  smooth  surface  which  will  not  create 
[tucketa  at  any  part  of  the  revolution,  llie  involute  curve  haa 
sumetimea  been  used,  hut  it  is  not  good  aa  it  does  not  return  on 
itself,  and  must  thercfuro  be  cut  off  by  the  arc  of  a  circle  on  tbe 
end  of  tbo  lobe,  leaving  eoniera  wiiicb  form  compression  pockets. 
With  respect  to  tbe  elfiHrt  of  tbe  speed  on  the  volume  of  water 
putHjied,  tbe  experiments  above  iK>ted  showetl  that,  within  the 
stated  limila,  the  volume  varies  nearly  ns  tbe  speed,  and  that  at 
ifd,  tbo  volume  is  a  little  less  at  high  pressure  than 
jea  not  fall  oif  rapidly  as  the  pressure  increases.  Tbe 
*,  ia  Dot  complete  enough  tu  he  coDclaeive. 


STEAM  PUMPS 


The  n)larv  jmiiip  is  often  um-d  for  fire  purposea,  aud  where 
mrtttliility  ia  of  iiiuru  iitijxirtanee  than  effieiencj-,  or  if  first  cost  is 
a  great  consideratioa.  It  can 
l>tf  run  at  high  speed,  and  has 
a  largo  capacity  for  the  space 
occupied,  hut  it  is  not  Buitahle 
fur  large  or  perniaueiit  work 
cxirept  at  very  low  hi>ads. 

Centrifugal  Pumps.  Tliese 
o|)fr;ite  by  the  familiar  force 
which  throws  the  mud  from 
the  carriage  wheel  aud  the 
water  from  the  lawn  sprinkler. 
A  wheel  W  (Fig.  9)  with 
curved  blades  revolves  in  a 
casing  C  and,  when  the  cas- 
iiig  is  filled  with  watur, 
throws  it  to  the  outside  thus 
creating  a  snctioii  at  the  cen- 
ter and  drawing  up  water 
thnnigh  the  suction  jiipe  S.  Tlie  velocity  and  whirling  motion 
given  to  tin-  wtitcr  send  it  to  the  outside  of  the  casing  and  out 
tliriiuifli  :i'li-liv.TV  ]ii|ii'  J'.  As  seen  in  Fig,  0,  the  casing  iiuTi'ast-S 
in  i-i/c  u]>  to  ttic  (iiitlft  I',  as  tint  volnine  of  the  wuter  to  U- 
ciii-rifil  will  im-n-;iM'  iti  tlnrt  \v;iy.  Tlit'  l»lad<-3  are  given  a  Iwickwanl 
ineliiiiiliiin  at  llie  wluvl  ci-iitcr  so  tliat  water  may  enter  without 
slioi'k,  iuiii  tlin  uiigle  which  ttio  blades  make  with  the  radius  is 
iiicreiiK'd  IowiihIh  llm  onler  end  so  that  the  water  gradually  attains 
some  rotary  vciiicily  and  great  nidial  veIo<:ity  due  to  the  wedging 
it  [lasseri  outwanlii;  on  leaving  the  blades    it   has   high 


F'K-  »■ 


L..1. 


IE  the  bliulis  are  radial  at  the  outer  end,   the  discharge 
giv:iier   for  a  given  sjn'iHi,  but  it  will  not  l>e  jMissible  to 


will  be 

reiluce  tile  specil  much  without  stopping  theaction  altogether;  also 

llie  ellicieney  will  1h-  less. 

IviUikLiii'slateHiliat  the  curve  of  the  blade  ehoutd  bean  involute 
of  ii  circle,  that  is,  a  curve  drawn  by  a  jRtiut  in  a  string  as  it  Is 
unrolltid  from  ihc  lirclc  !is  shown  in  Fig.  10.  The  niethoil  of  draw- 
ing the  Involute  is  :is  follows:  JaH  liC  be  the  inner  bounding  circle 
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of  the  blades  and  B  the  point  at  which  a  vane  is  to  start.  Draw 
a  radius  of  the  circle  through  B  and  through  the  same  point  at  an 
angle  of  40  degrees  with  the  tangent,  another  straight  line  BE. 
Draw  a  concentric  circle  tangent  to  BF,  which  is  perpendicular 
to  BE.  If  B  wei*e  a  point  in  a  string,  and  this  were  unrolled 
from  the  circle,  the  point  B  would  trace  an  involute  BGII.  For 
the  first  form  of  curve  mentioned,  this  would  be  continued  to  the 
outer  boundinor  circle  where  it  should  make  an  antrle  of  about  15 
degrees  with  the  tangent,  as  LIIM.  For  the  Eankine  blade,  the 
reverse  curve  IIKA  should  be  drawn,  usually  the  arc  of  a  circle 
radial  at  the  point  II.  In  order  to  work  without  shock,  the  angle 
of  the  blade  with  the  tangent  at  the  inside  end  B  should  be  such 
that  its  tangent  equals  the  radial  velocity  of  the  water  divided  by 
the  circumferential  velocity 
of  that  point  on  the  wheel;  it 
is  often  made  40  degrees, 
which  is  found  to  be  satis- 
factory  for  the  average  case. 
The  angle  at  the  outside 
should  be  15  degrees  if  there 
is  no  diffusing  chamber,  or  if 
the  discharge  pi})e  is  not  of 
increasing  diameter,  in  order 
to  gradually  lessen  the  veloc- 
ity  of  the  water  after  it  leaves 
the  wheel.  But  this  will  ne- 
cessitate a  high  rotary  veloc- 
ity of  the  blades,  and  it  is 
sometimes  better  to  use  a  diffusing  chamber  (or  an  increasing  dis- 
charge pip),  and  make  the  blades  of  the  Rankine  form,  running 
the  wheel  at  a  lower  speed  unless  the  conditions  make  it  necessary 
to  be  able  to  run  at  a  given  medium  speed  for  a  partial  discharge. 
The  casing  should  be  shaped  to  give  the  water  a  gradually  increas- 
ing velocity  from  the  time  that  it  enters  the  suction  pipe  until 
it  reaches  the  circumference  of  the  fun,  and  then  a  decreasing 
vehu-ity  until  it  leaves  the  discharge  pij)e.  The  spiral  casing  is 
often  recommended  because  the  cwitrifugal  force  given  by  the 
rotary   motion   is   radial,  not  tangential,  and  the  water  must  be 
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};iveii  tiini>  tit  change  its  direction  or  it  will  spend  much  of  its 
eniTify  in  ediiii-s  and  iiseleBS  work. 

Tlirei'  stvlt's  of  blades  are  ehowD  in  Figs.  11,  12  and  13.     Fig. 
11  is  the  form  UR-d  fur  small  sizes  and  for  thick  lii][aids',  Fig.  12 


Fig.  li 

Es  a  liolluw-anii  tyiK-  usi-d  in  large  pumps;  it  has  the  advantage 
in  tliniwn  outward  without  any  churning  motion, 
no  dead  b|hiccs.  Fig.  13  is  the  style  uwd  for 
(Inilgi'd  and  has  tlio  advantage  that  the  sand  is 
ki'jit  friiiii  grinding  between  the  bladee  and  the 
easing  yi't  large  Ojieiiings  are  free  for  the  passage 
of  siind  and  mud. 

It  in  |KissibIe  to  raise  water  to  any  height  up 
to  IilDfiftby  iiK-reasing  the  speed  of  tlie  pump. 
but  it  bus  been  shiiwn  by  exjierinient  that  tins 
j  form  is  iiiit  Huitjilile  for  lifts  of  over  25  feet.nl- 
though  nji  to  :!5  feet  the  eiiicioni-y  is  fairlvpi»>d. 
As  it  is  at  tbi-se  low  lifts  that  the  reeijmH-ating 
jminp  is  Iciif^t  eltieient,  this  is  clearly  the  field 
of  tim  ei'iilfifiigul  pTiiup, 

Tlio  L-|K-.-<l  is  inereasiHi  as  llie  height  of  the 
lift  iucreasfM,  but  nut  in  exact  projiortion,  be- 
cause llii'  inrreiiso  of  f\n-ri\  fur  an  increase  of  10  feet  in  lift  is 
grcjitiM-  ut  low  than  at  high  Iieiids.  Fig.  14  shows  the  relation 
ln-tweeii  lii'ud  and  K]ieed  in  Iwopniuiis  of  the  same  make,  the  No.  2 
having  a  capacity  uf  100  gallons  per  minute  at  the  speeds  given 
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8Dd  the  No.  0  a  capacity  of  1,200  galloDB.  The  point  at  which  the 
tiirvea  cut  the  axis  of  speed  shows  that  the  No.  2  pump  will  fail 
to  work  at  a  BjK-ed  below  250  r.  p.  m.  aud  the  No,  0  below  125 
r.  p.  m.  The  pump  may  be  set  in  either  a  vertical  or  a  horizontal 
{losition  and  may  have  the  suction  on  one  side  or  both.  However, 
it  is  better  on  lx>th  so  that  the  forces  dne  to  lifting  the  water  in 
the  suction  pi[)e  are  balanced  and  no  end  thrust  produced.  It  is 
necessary  to   have   eome  means  of   filling  the  pump  casing  with 
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Fig.  H. 
water,  that  is,  *'  priming  "  it,  as  the  suction  will  not  start  nntil  the 
pump  is  so  priiried.  If  water  under  pressure  is  not  availahli-,  it  is 
necessary  to  install  a  uteani  injector  to  fill  the  cjising,  or  |)rovide  a 
foot  vahe  which  will  Iw  tight  enough  to  hold  the  water  in  the  sue- 
tioii  pi|M!  at  all  times. 

Makers  ivecnnmend  that  a  flap  valve  Iw  installed  at  the  top 
end  of  the  dischiirge  pipe  also,  to  assist  this  action.  Fig,  15  shows 
an  arrangement  which  is  satisfactory  and  alMi  gives  an  idea  of  the 
slm[)e  and  relative  projxtrtious  of  a  staiidanl  centrifugal  jiuinji. 

Lifting;  Pumps.     The  only  punij>s  which  work  entirely  bj 
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liftini^  an-  tlie  oKl-fasIiiotied  cliain  devices  in  which  a  series  of  disc; 
iiu>uiiti.Hi  oil  !i  cliuin  are  drawn,  by  a  sprocket  wheel,  up  through  a 
tube  briiiffiii;;  the  water  witli  tliein.  In  thits  form  the  motion  is 
uUvnvri  ill  uue  dinx'tion,  and  there  la  a  purely  lifting  action.  Bat 
it  is  niiiiniiiii  to  ppiiik  uf  tlif  pimip  which  delivers  its  stream  liy 
liritii<:.  jii  ii  liflinjr  pniiip  even  tlioiigli  it  is  filled  by  the  action  of 
am-tioii.  Tln'se  are  iistsl  largely  in  mines  aud  for  domestic  pur- 
|(Oscti,  Till-  jirincijile  has  been  shown  in  Fig,  2.  The  disadvaDt^ 
of  tliiM  shle  in  thiit  the  jiuinp  Imcket  ninst  be  not  over  20  feet 
above  thi!  wiiti-r  and  the  rest  of  the  lift  must  bo  made  by  the  rise 
either  a  long  roti,  or  pumping  in  relay. 


of  tlie  biieket,  nwessitalii 
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Tlie  greatest  use  of  this  class 
was  in  the  Cornish  mines  in 
the  time  of  Watt  when  the  en- 
gines were  ])laced  at  ground 
level,  and  the  rods  made  of  a 
length  sufficient  to  reach  to 
within  20  feet  of  the  bottom 
of  tlie  shaft.  In  some  cases 
these  jiuin  p  rods  were  as  much 
HS  +S0  feet  long,  and  the  de- 
sign  of  tlie  great  jiieces  was 
a  diflieult  problem.  The  walk- 
irig-beain  engine  was  used 
largely  to  drive  the  pump, 
and  the  wiiolo  machine  was  a 
huge  and  wasteful  affair. 

At   tlio  present   time,  the 

Idiigpuinp  nnl  is  used  to  some 

ly  a  vertical  eylinder  !-et   over  the   top  of 

iiip  cylinder  dependt<  ujiou  the  volume  of 
.!■  s|«'cil  t)f  the  pump.  Wlien  heavy  masses 
e  case  when  long  rotls  aro  used,  the  speed 
I''or  Ihe  great  engines  of  Watt's  time  it 
-  niiiintr.  and  in  niiHlern  [luinps  it  is  25  to 
The  cylinder  must  l^e  made  of  such  size 
lift  tlie  required  amimnt  of  water. 
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For  example,  if  it  is  desired  to  raise  100  gallons  per  miimte, 
and  the  pump  is  to  run  at  30  strokes,  the  volume  to  be  raised  is 
100x231  =  23,100  cubic  inches,  and  the  volume  per  stroke  is 
23,100  -?-  30  =  770  cubic  inches.  A  usual  value  for  the  stroke  of 
pumps  of  this  size  is  16  inches  which  (if  there  were  no  allowance 
for  leakage)  would  make  the  area  of  the  cylinder  770  -f- 10  =  48.13 
square  inches.  The  allowance  for  leakage  or  slip  should  be,  for  a 
pump  of  this  size  and  speed,  about  3  per  cent.  This  would,  of  course, 
increase  with  high  speed  and  decrease  with  large  size.  Allowing 
3  per  cent  slip,  the  area  should  be  48.13x1.03=49.58  square 
inches  which  is  that  for  a  circle  of  about  7}^  inches  diameter,  so 
that  8  inches  would  be  used  and  the  area  would  then  be  50.26 
square  inches. 

To  find  the  force  needed  to  lift  this  bucket,  it  is  necessary  to 
know  the  height  to  which  the  water  is  to  be  raised.  SupjK)se  this  to 
be  200  feet;  then  the  pressure  per  square  inch  will  be  200  X  .433  = 
80.60  })ounds  and  the  force  needed,  86.60x50.26 =4,352  + pounds 
To  this  must  be  added  the  weight  of  the  bucket  and  rod  as  both- 
must  bo  lifted  at  each  stroke  by  the  driving  head  at  the  top  of  the 
shaft.  The  rods  are  usually  made  of  wood  with  the  sections 
fastened   together   by  iron   couplings.     The  pro})er  size   for  the 

above  pump  is  4  inches  diameter,  which  for  a  rod  200  feet  long 

TTX  4* 

would  weigh,  at  45  pounds  per  cubic  foot,  45  X  t — jjz  X  200  =785 

pounds  (about),  and  the  bucket  and  fastenings  will  easily  make 
this  1,000  pounds;  the  whole  weight  to  be  lifted  will  then  be  5,352 
pounds,  which,  at  30  strokes  per  minute,  will  call  for  the  expendi- 
ture of 

5,352X30^  16      ^  ^  tt  i^  /        in 
33,000    X3^=  6.0  II.  P.  (nearly) 

This  would  be  the  power  necessary  to  run  the  pump  aside 
from  the  friction  of  the  machinery. 

Although,  at  the  present  time,  high  lifts  are  largely  made  by 
using  a  forcing  pump  at  the  bottom  of  the  shaft,  this  was  not 
known  at  the  time  of  the  introduction  of  the  pumping  engine  in 
the  Cornish  mines,  and  when  it  was  necessary  to  raise  water  from 
a  depth  greater  than  could  well  be  handled  in  one  lift,  it  was 
accomplished  by  using  pumps  in  relays.     One  engine  would  be 
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iDiitallL-J  bL  a  dL'ptli  i<f  soiiui  2iO  tivt  fn>in  tin*  (nttlum  uf  \ 
mine,  with  its  [iiiiiij)  (■vUikIlt  witbin  Hi  fi<et  of  the  botU 
and  would  raisu  thu  wkUt  into  h  restirvuir  from  wliidi  it  wuiil^ 
taken  by  tmoUiur  pniup  ami  ho  no.  Inatanrf h  are  recorJt><l  io  w 
pninpa  niiHc^i  4.*514,S*MJ  fjslluns  pi-r  21  hniire,  LaWng  pistonta 
inclit;s  in  dianiett-r  ami  a  atrukf  of  H)  fwt. 


!■  iR.  Hi, 


Forcing  Pumps,     i'or  raii^iti^  waltT  lo  a  lu-i^hl  ^ruAtci 
ciin  1r)  (■inn'i'iiiHiitlj'  Mvert'onio  by  lifting,  or  whi'ii  the  di»cbarjQ 
littsiifO  :it  a,  diMtuiit'u  rruiii  iIih  pDriip,  it  iei  liettvr  to  nw  lliti  tnn 
tjjic.    The  fiidipli-  jii'iiK'ijitn  or  lliis  lypu  iw  bIidwh  in  Y'lg.  U,   ' 
ai-e,  Iiowcvft',  tniiiiy  niGtlillcatluiis  in  cunuiinn  iist>.     Il  \a  niim 
the  lift  to  tlie  piirup  1h!  grt^at,  to  iri«tull  u  fuut  tu]vo  at  tho  boti 
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of  the  suction  pi{)e,  as  well  as  to  use  admission  valves  to  the 
pump  chamber  so  that  the  suction  pipe  will  be  kept  filled  at  all 
times,  and  the  tendency  for  the  water  to  drop  out  of  the  pump 
chamber,  while  the  suction  valve  is  closing,  be  removed. 

The  most  common  form  of  forcing  pump  is  the  double-acting 
piston  tyj)e  as  seen  in  Fig.  10.  As  the  piston  P  moves  to  the 
right,  it  will  create  a  suction  in  the  left-hand  end  of  the  cylinder, 
drawing  in  water  through  the  valves  AA  and  the  suction  pipe  S. 
At  the  same  time  pressure  will  be  exerted  in  the  right-hand  end 
of  the  cylinder  and  water  will  be  forced  out  of  valves  D,D,,  into 
the  discharge  chamber  and  up  the  pipe  K.  On  the  reverse  stroke, 
water  will  be  drawn  in  at  valves  A,A,  and  forced  out  of  DD. 
The  piston  must,  of  course,  be  packed  water  tight. 

As  in  the  case  of  lifting  pumps,  the  volume  to  be  raised  and 

the  speed  at  which  the  pump  can  be  run  determine  the  size  of  the 

piston;  but  the  speed  is  usually  greater  than  in  the  lifting  type. 

Tlie  pump  must  not  be  placed  over  20  feet  above  the  level  of 

the  water  which  it  is  to  raise,  hence  for  a  high  head  the  greater 

|)art  of  the  lift  must  be  obtained  by  forcing  against  the  head 

above   the  pump.     It  is  a  common    rule  that    the    travel  of  a 

pump   piston    sliould     not    exceed     100    feet   per   minute,   and, 

taking  the  same    problem   as  for    the    lifting   pump   this  gives, 

23  100 
-TT^ — TTT  ~-  10.25  square  inches   as    the   area   of    the   piston. 

At  the  increas(Ml  speed,  the  slip  will  be  greater,  hence  it  will 
be  necessary  to  allow  5  jkt  cent  or  an  area  of  10. 2o  X  1.05  = 
20.21  squares  inches  corresponding  to  a  diameter  of  o^'^j  inches. 

The  h(*ad  would  be  the  same,  hence  the  total  pressure  per 
sciuare  inch  would  be  the  same  as  for  the  lifting  pump,  but  the 
jK)werw(ml<l  be  increased.  Tlie  total  force  on  the  ])iston  will  be 
20.21  X  80.00=^1,750.1  iK)unds.     At  100  feet  jkt  minute   this 

-.1            •       lw50.1  X  100        _  1  •  1     .     1 

will    re(iuire ....  ,,,,., =^  i>..>0    Jiorsepower,    wliicli    is  less 

than  l)efore  because  the  weight  of  the  j)ump  hkI  is  not  lifted  at 
eacli  stroke.  If  the  ro<l  be  counterbalanced  by  a  weight  at  tlie 
op|K)site  end  of  a  walking  beam,  the  lifting  jmmp  will  have  a 
sliirht  advaiita<re  owincr  to  the  smaller  slip. 

The  pump  shown   in   Fig.  10   is  double  acting,  that  is,  il 
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works  on  both  strokes,  but  pumps,  especially  of  the  vertical  type, 
are  often  made  single  acting  to  suck  on  the  up  stroke  and  force  on 
the  down ;  these  have  only  half  the  capacity  for  the  same  size  as 
the  doul)le  actinjr. 

The  great  difficulty  with  the  piston  is  in  keeping  the  packing 
tight  or   of  knowing  when  it  is  leaking;  it  is  also  difficult  to 


Fig.  17. 

repack  as  the  pump  must  be  dismantled  in  order  to  get  at  the 
piston.  For  thin  reason  the  pluntjer  pump  is  often  ])referred  and 
is  used  eitlier  sint^lo  acting  with  stuffing  box  around  the  plunger 
as  in  Fitr.  3,  double  actintr  with  two  i)luncrer8  as  in  Fit:j.  IT,  or 
double  acting  with  one  plunger  as  in  Fig.  IS.  The  advantage  of 
this  last  over  the  piston  is  that  for  high  pressures  it  is  more  easily 
kej)t  tight,  and  for  gritty  liijuids  the  wear  is  taken  by  the  busliin;^' 
wliieli  is  moro  easily  and  cheaply  replaet»d  than  a  lining  to  the 
cylinder.     The  piston  pump  is  more  compact;  but  the  plunger 
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•  BO  that  tlio  first  cost  is  not 


I  not  require  a  liorej  cylinder 
noatcriBlly  ditfurent. 

The  two-plimger  pump  with  outside  yoke  ia  still  larger  than 
1)  single-plnngcr  double-acting  typt- but  it  can  be  easily  repacked, 
can   be   kept  tight   against   high  pressures   and    any  Kaking  is 
instantly  detected, 
"or  these  reasons,  it 
I   a   favorite.      Tho 
oiible-ncling   jiump, 
lot  only  has  gi-eater 
ipacily,    as    above 
iontioned,but,  on  ac- 
>unt  of   its    contin- 
1009  action  produces 
much  steadier  Jlow 
than  the  single-acting 
tyjie,  BO  tliat  it  is  gen- 
emlly  preferred. 

AuuMlifiedfiirm  of 
Worcester's    Engine, 
ig.  1,  ia  Been  in  the 
lUtsouieter  or  hydro- 
jplie,  Fig.  l!l,  which 
Elill  used  to  a  con- 
idenilile  extent  where 
;tn^uie  Biniplicily  is 
isired.     The  ball  fi 
ills  80   as    to   close 
rst  A'  and  then  A; 
rith  the  ball  in  the  jiosition  shown  and  the  chanilwr  D  filled  with 
,  water  will  be  drawn  up  through  F  by  the  vacuum  caused  by 
eitdensation  of  the  Bteain.     Meantiniesteam  will  enter  D'  through 
.  aud   force  the  water  out  through   the  check  valve  G.     This 
rill  continue  until  the  steam  in  D  is  all  condensed,  when  the 
yitii  of  the  water,  due  to  its  inertia,  will  drive  tlie  ball  valve , 
t  over  against   jiort  A,  thus  reversing  the   action.     It   is   en- 
rely  antoniatic  and,  as  the  uiiichiiie  is  the  acme  of  simplicity 
nd  may  readily  be  made  with  large  openings,  il  will  handle  dirty 
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li.piiila  Willi  a  iniiiiiiiiini  of  attention.  Its  usual  he»t  efliciency 
is  l."J  ti(  1.5  |M-p  tviit,  but  this  is  not  as  objectionable  as  it  seems, 
sinco  tiiii!i]|  rifijjrocatini^  Bti-»nt  puinjis  dft<?n  iJo  little  or  no  better. 
I  puctionair  oLamlMT  connected  with  the  opening  E  to  eqnal- 


0  is; 

iza  tbe  How  of  water. 


VALVES. 


Piiiii|i  vjilvt'3  uiust  I>e  po  made  that  tliey  will  oj)en  end  close 
quickly  ami  fully  with  little  friction,  bo  that  there  shall  bo  no  oli- 
Btructioii  to  the  jiassnge  of  the 
water,  yet  little  leakage  of  water 
pist  the  valves  after  the  reversal  of 
liHilion  of  the  j>islon  arxl  before 
the  vitlves  have  ec;ile"l.  Quick 
ojK'iiiiij^  requires  a  light  valve  with 
plight  luotiiin,  hut  ijuick  closing 
(h-iuauils  citlicr  a  heavy  vn]v£  or 
a  (^[iring  to  luistcn  its  action.  In 
ohlei-  jiurujis  it  was  the  custom 
to  use  ono  largo  valve  with  a  lift 
sutticierit  to  give  the  required 
[lassage;  the  valve  was  then  heavy 
cnougli  to  dose  of  its  own  weight,  . 
but  w!i3  clnmsy  and  hard  to  fit  to 
a  seating.  In  modem  jinictiee  the 
riijuifctlarea  is  dividedaiuoug  sev- 
eral BTiiall  valves  fo  tiiat  cai-li  o)ie 
ia  ea;^ily  and  cheajily  renewed  in 
case  of  aeeitlciit  or  wear,  and  i|iiiek 
closing  is  oi.fuued  hy  tlio  Use  of 
S]iringsonthes|)iiidlesof  the  valves. 

The  nalural  classification  of  valves  la  by  the  motion  and  by 
the  metluHl  of  seen  ring  a  tight  joint;  according  to  the  motion  there 
wonhi  he  division  into  flexible,  liingol,  jiojijiet  and  ball;  according 
to  the  seating,  into  cushioiu-il  and  ground. 

The  Flexible  valve  is  the  oldest  lyiie,  and  is,  in  eome  ways,  the 
simplest.  It  is  generally  matlo  of  rubber,  as  this  material  gives 
tlie  greatest  flexibility  with  the  best  seating.  The  valve  U  made 
as  a  solid  disc,  tho  o]jening  being  obtained  by  the  flexibility  of  the 
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valve  itself,  and  is  usually  of  the  style  shown  in  Fig.  20.  The  seat 
is  made  with  radial  grids  to  take  the  pressure  of  the  water,  the 
openings  between  the  bars  being  made  e(jual  to  the  thickness  of 
the  disc;  this  thickness  depends  in  turn  on  the  diameter  of  the 
disc,  and  is  often  made  as  given  in  the  followincr  table: 


iam.  of  disc. 

Thickness  of  disc. 

Diam. 

of  hole  in  center. 

Inches. 

Inches. 

Inches. 

2 

f 

i 

2J 

A 

i 

3 

i 

A 

3} 

1 

fi 

4 

i 

H 

4J 

1 

U 

5 

1 

13 

The  valves  of  this  type  most  commonly  used  are  the  3-inch 
and  the  4  J -inch  as  the  larger  sizes 
are  not  found  durable.  The  3-inch 
is  the  best  for  ordinary  use.  The 
hole  in  the  center  is  made  ~^\  to  J 
inch  larger  than  the  spindle  to 
allow  of  free  motion ;  ta  avoid  sud- 
den bending  of  the  rubber,  the 
guard  is  placed  to  give  the  disc  a 
chance  to  rise  about  -^^  inch.  When 
it  has  risen  so  far,  it  bends  around 
the  guard  and  thus  gives   a   free  Pig.  20. 

opening   for   the    passage  of    the 

water.  The  guard  should  have  a  diameter  equal  to  that  of  the 
disc  less  twice  the  thickness  of  the  disc,  and  the  radius  of  curva- 
ture should  be  equal  to  the  diameter  of  the  disc.  This  tyj)e  of 
valve  is  not  well  suited  for  high  pressures,  250  feet  head  being 
about  the  limit  for  the  ordinary  style.  If,  however,  there  are 
vanes  arranged  below  the  disc  so  that  a  rotary  motion  is  given 
to  the  valve,  it  is  found  that  there  is  no  difficulty  in  keeping  the 
valve  tight  for  heads  up  to  490  feet.  For  these  pressures,  it  is  not 
uncommon  to  use  discs  of  a  thickness  up  to  an  inch,  but  only  for 
large  sizes.  The  lap  of  the  valve  over  the  edge  of  the  seat  should 
be  from  ^  to  ^  inch  according  to  the  thickness  of  the  disc  and  the 
pressure  to  be  carried. 
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Leather  valves  have  been  used  to  some  extent  in  the  form  of 
a  simple  flap  fastened  at  one  side  and  free  to  rise  at  the  other;  this 
makes  the  simplest  form  of  hinged  valve  and,  when  weighted  with 
a  metal  disc  on  either  side,  has  been  much  used  for  small  hand 
pumps.     It  is  not  suitable  for  severe  service. 

The  Hinged  valve,  as  its  name  implies,  is  made  to  swing  aboat 
a  pivot  at  one  side,  but  should  be  designed  to  lift  from  its  seat  be- 
fore it  begins  to  swing.  The  disc  is  made  of  metal  but  often  with 
a  facing  of  leather  or  rubber  for  slow  speeds;  for  high  s|)eed8  these 
linings  will  not  stand  the  wear.  The  lift  should  be  about  J  to  J 
inch  before  the  valve  Ix^gins  to  turn  about  the  fulcrum.  The  angle 
to  which  the  valve  lifts  is  usually  made  80  degrees,  and  should 
never  be  over  00  degrees,  in  order  to  ensure  quick  opening  and 
closing.  The  motion  is  limited  by  a  stop  on  the  seat  or  on  the 
disc  of  the  valve  as  seen  in  Fig.  21.     The  hinged  valve  is  slow  in 


Fig.  2L 


Fig.  23. 


Fig.  21 


action  and  is  not  suitable  for  thick  licjuors  or  high  pressures.     In 
desi<{nincr,  the  area  allowe<l  should  be  as  follows: 

Piston  sihxhI,  feet  per  minute 100      125      150      175      200 

Area  of  waterway,  per  cent  of  plunger  area.  40        50        60        75      100 

For  higher  speeds  or  for  high  pressures,  it  is  best  to  use  some 
form  of  positively  driven  valve,  and,  if  such  licjuors  as  sewage  or 
syrups  are  to  be  handled,  the  areas  found  from  the  above  table 
should  bo  increased  about  50  per  ct»nt. 

The  most  common  form  of  valve  in  use  at  present  is  the 
poppet  which  rises  straight  up  from  the  seat  and  gives  a  free 
opening  with  a  small  motion.  The  seat  is  made  either  flat  or  at 
an  angle  of  45  degrees  as  the  designer  may  choose,  the  beveled 
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seat  bt'iiig  more  difficult  to  construct  but  retarding  tho  How  of 
water  less  than  the  flat  Bt^t  vhich  neressitates  a  double  turn  in 
the  current.  The  width  of  the  beat  or  edge  of  the  seat  against 
which  the  valve  rests  is  made  J  inch  for  large  valves  and  -^^^  inch 
for  small  ones.  The  flow  of  the  water  throuxjh  the  valves  should 
be  at  a  velocity  of  not  over  200  feet  per  minute,  and  the  lift  must 
be  so  proportioned  that  the  passagp  by  the  valve  will  be  as  large 
as  the  area  of  the  valve  oj)ening.  A  valve  with  flat  seat  need  not 
havex>ver  ^  inch  lap  even  for  heavy  pressures,  but  the  joint  must 
be  carefully  made  to  avoid  leakage. 

A  common  form  of  mitre  valve 
is  shown  in  Fig.  22  and  of  flat  seat 
in  Fig.  23.  The  vanes  on  the  bot- 
tom of  the  disc  which  keep  the  valve 
centered  when  it  rises  are  often  given 
an  inclination  of  i  inch  in  6  inches 
so  that  the  rush  of  the  water  will  give 
the  valve  a  rotary  motion,  removing 
all  dirt  and  keeping  the  wear  on  the 
beat  even.  For  the  flat  beat  valves 
this  is  not  always  possible  as  they 
are  closed  by  a  spring  and  the  fric- 
tion prevents  them  from  revolving. 

In  order  to  give  an  area  by  the  valve  equal  to  the  area  of  the 
seat,  the  Kft  must  be  one  quarter  the  diameter  of  the  seat  0{)ening. 
For  heavy  pressures  this  would  make  too  large  a  lift,  as  tlie  slip 
on  closing  would  be  excessive;  for  this  reason  the  lift  is  made  not 
over  ^  inch  and  the  number  of  valves  increased  as  may  be 
necessarj-.  The  seat  is  usually  made  separate  from  the  valve 
deck  and  screwed  into  place;  when  this  construction  is  used,  the 
guide  for  a  valve  (if  there  is  one)  should  be  made  a  part  of  the 
seat  so  that  the  valve  is  self  contained.  The  guides  may  be  in 
the  form  of  wings  on  the  bottom  of  the  valve  disc,  a  spindle 
running  through  a  hole  in  the  seat  or  a  spindle  projecting 
upward  through  the  valve;  the  last  being  most  common. 

The  discs  may  be  of  metjl  or  hard  rubber.  For  hot  liquids 
metal  must  be  used,  but  for  cold  li(juids  hard  rubber  or  comj»osi- 
tion  ia  more  common,  usually  with  a  metal  cap  to  kec^p  the  disc 
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in  shaj)e.  The  spring  U8tHl  for  closing  the  valve  should  be 
cylindrical  ratlicr  tlian  conical,  as  the  strain  on  the  latter  form  conies 
largely  at  the  small  end  of  the  spring  and  the  wire  is  likely  to 
break  there.  A  design  to  be  recommended  is  that  of  Fig.  24 
which  is  described  by  Barr;  see  '^Pumping  Machinery,"  p.  57. 

Double  beat  valves  and  those  with  multiple  ports  are  not 
usually  necessary  but  are  sometimes  used  for  large  work. 

Ball  valves  are  often  used  for  low  pressures.  For  these  the 
diameter  of  the  ball  is  made  1 J  times   that  of  the  beat  and  a  cage 

is  ])rovided  so  that  the  ball  shall  always  be 
kept  central.  The  ball  is  of  gun  metal  usually 
with  a  rul)bt»r  casing  or,  for  cold  water,  some- 
times wholly  of  rubber.  They  are  common  in 
pumps  ustnl  for  mines  and  oil  wells  and  often 
in  connection  with  cup  leather  packings  for  the 
])iston.  If  the  water  is  gritty  or  has  impnr- 
iti(*s,  the  valve  seat  should  l)e  raised  above  the 
deck  so  that  there  will  be  room  for  the  sand  to 
settle  below  the  seat,  as  seen  in  Ficr.  25. 

In  all  valves  which  have  metal  for  both  discs 
and  seats,  it  is  inn)ortant  that  they  should  both 
be  of  the  same  material,  as  otherwise  there  is 
likely  to  be  gjilvanic  action  which  will  cause 
nij>id  deterioration.  T'sually,  however,  it  is  liet- 
ter  to  use  the  valve  with  a  sejmrate  disc  of  com- 
position as  this  avoids  all  ])ossibilitv  of  electri- 
cal action  and  makes  the  refacintr  of  the  valve 

o 

nn necessary;  tlie  replacing  of  the  old  disc  by  a  new  one  being  all 

that  is  needed  when  the  valve  becomes  worn. 

For  valves  which  are  to  be  returned  by  a  spring,  it  is  best  to 
use  five  coils  in  the  spring  and  to  have  the  wire  of  spring  brass  of 
the  size  given  in   the  following  table: 

Diameter  of  valve  inch(\s 2        2J        3        3J        4        4i 

No.  of  wire  B  cS:  S 12      12        10      10  8        8^ 

In  this  style,  it  is  well  to  use  for  the  guiding  spindle  a  stud 
screwed  solidly  into  the  valve  seat  or  made  a  part  of  the  castinji, 
and  fasten  the  valve  by  a  nut  at  the  top  of  the  stud,  secured  by  a 
pin.     This  is  usually  better  thau  to  use  a  stud  screwed  into  the 


ViiX.  2;'). 


880 


BTEAM  PUMPS 


31 


valve  seat.  If  tho  latter  ie  used,  it  is  likely  to  work  loose  and  may 
cause  tiiiR-li  damage  befure  the  trouble  ia  discov-ered;  it  is  alao 
more  ditiit-iilt  lo  remove  when  rejjairing  tlie  valve. 

The  material  for  tlie  valve  dejwnds  on  the  licjuid  to  be  handled. 
For  acids  or  liquors  of  that  nature,  it  ia  beat  to  uae  wood,  although 
it  ia  not  durable,  yet  it  will  last  better  than  any  form  of  metal;  for 
salt,  jietroleum  products,  and  strong  alkalies,  gun  metal  is  the  best; 
for  all  ordinary  uses,  however,  cast  iron  ia  good  enougli,  and  if 
used  with  composition  discs  there  will  be  no  trouble  from  rusting 
fast  even  if  the  pump  is  idle  for  considerable  periods. 

AVith  respect  to  valves  for 
large  pumping  engines,  they 
are  best  made  of  double  beat 
tyjKJ,  and  usually  of  the  "Cor- 
niah"  form.  For  this  a  de- 
sign used  by  Mr.  A.  F.  Nagle 
has  jiroven  very  satisfactory;  ®^i.-A, 

.  „    ...    „       ;* 


it  18  shown  in  Fig.  2G.  Th» 
features  embodied  in  this  de- 
sign are  a  small  width  of 
U-at  to  avoid  any  possibility 
of  sticking  and  to  get  rid  of 
surface  on  which  the  pres- 
sure of  the  water  cannot  act 
to  o|)en  the  valve;  a  diam- 
eter large  in  comparison  with  Fig.  26. 
the  lift  so  that  the  velocity 

with  which  tlie  water  comes  to  the  ojiening  shall  be  Hnmll;  a 
Bha)>e  which  avoids  all  sharp  curves  and  changes  of  direction  and 
all  |iossibility  of  air  pockets.  Tlie  valve  has  been  found  to  embody 
all  these  <)ualities,  to  work  noiselessly  even  at  high  speeds,  and  to 
follow  the  motion  of  the  piston  almost  exactly. 

DESIGN  AND  CONSTRUCTION. 
The  essential  parts  of  a  reciprocating  pump  are  inlet  valves, 
a  cylinder,  a  piston  or  bucket  and  outlet  valves.  Tho  purpose  of 
each  is  obvious.  However,  in  order  to  get  the  best  results  certain 
(loints  must  Iw  considered  in  the  arrangement  and  construction  of 
these  parts.     Some  of  these  have  already  been  mentioned  in  the 
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deecriptioD  of  valves.  Admission  and  outlet  valves  are  usually  of 
the  same  construction  but  sometimes  differ  in  size,  the  outlet 
valves  being  smaller  and  more  numerous  so  that  the  lift  may  be 
less  and  the  slip  under  high  pressures  redu<ied.  Valve  decks  are 
usually  arranged,  one  for  the  inlet  and  one  for  the  outlet  valves; 
into  these  decks  are  screwed  or  bolted  the  valve  seats,  as  already 
shown  in  Figs.  20 — 24,  the  valves  extending  above  into  a  valve 
chamber  as  shown  in  Fig.  16.  The  valves  should  have  space 
enough  between  them  and  between  the  outside  valves  and  the 
walls  of  the  valve  chamber  so  that  the  area  for  the  passage  of  the 
water  shall  ecjual  that  through  the  valve  openings.  Generally, 
considerations  of  strength  of  the  valve  deck  also  demand  as  wide 
spacing  as  does  the  necessary  water  way. 

The  design  of  the  cylinder  depends  entirely  on  the  kind  of 
pump;  the  considerations  involved  having  already  been  mentioned. 
For  a  small  and  compact  machine,  the  piston  type  is  the  best  and 
this  calls  for  a  smoothly-bored  barrel.  In  order  that  this  may  be 
easily  renewed,  it  is  usual  to  make  the  bored  portion  as  a  lining 
which  tits  an  outer  casting  so  that  when  worn  by  grit  or  long  use, 
the  lining  maybe  renewed  without  remaking  the  whole  water  end. 
Such  a  construction  is  shown  in  Fig.  10. 

If  there  is  much  sand  or  dirt  in  the  water,  it  is  usually  better 
to  use  some  form  of  plunger  jmmp,  as  the  round-turned  jilunger 
is  much  cheaper  to  renew  than  the  bored-barrel  lining;  also  the 
cylinder  will  be  cheaper  as  there  is  little  boring  to  be  performed. 
The  (litlieulty  of  an  inside  jmcked  j)lunger  has  been  mentioned  and 
also  tlie  alternative  of  a  double  plunger,  outside  packed.  (See 
Figs.  17  and  IS).  In  spite  of  the  difficulty  of  ascertaining  and 
stopping  leakage  j)ast  the  ])i8ton,  and  the  expense  of  borincr  and 
reboring  or  reliniiig  the  cylinder,  the  piston  pump  is  used,  except 
for  high  pressure,  more  than  any  other  form  on  account  of  its 
C()nij)actness. 

The  bucket  is  rarely  used  except  in  vertical  pumps  and  then 
almost  entirely  for  mine  or  well  purposes.  It  is  of  the  form  of 
Fig.  25  with  possibly  the  clack  or  hinged  valve  in  place  of  the 
ball.  Tlie  outside  of  the  bucket  is  packed  by  cup  leathers  or  by 
hemp  packing,  the  same  as  a  piston,  or  it  may  simply  have 
grooves  turned  in   the  outside  to    form  a  water  packing.     The 
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barrel  is  often  simply  a  brass  pipe,  bored  to  make  a  fit,  and  screwed 
to  the  end  of  the  vertical  pipe  so  that  it  may  be  easily  renewed. 
In  the  case  of  deep  wells,  the  bucket  should  be  made  with  a 
long  bearing  surface  so  that  it  may  the  more  easily  keep  a  water- 
tight joint  and  may  act  as  a  steadier  to  keep  the  pump  rod  in  line. 
The  piston  rod  for  a  pump  is  made  much  larger  than  con- 
siderations of  strength  would  seem  to  demand,  in  order  that  there 
may  be  no  vibration  or  deflection,  as  these  would  make  it  almost 
impossible  to  keep  the  stuffing  box  from  leaking.  Theoretically 
the  rod  for  a  long- stroke  pump  should  be  larger  than  that  for  a 
short-stroke  of  the  same  diameter;  but,  actually,  the  margin  of 
strength  is  so  great  that  the  same  size  rod  will  answer  for  both. 
Allowance  must  be  made  in  all  cases  for  the  reduction  in 
diameter  necessary  to  fasten  the  piston  or  plunger  to  the  rod. 
This  may  be  done  by  using  a  tapered  end  fitting  a  tapered  hole  in 
the  body  of  the  piston  or  by  turning  down  the  end  of  the  rod  and 
letting  the  piston  bear  against  a  shoulder;  the  latter  method  is  the 
better.  Usually  a  nut  holds  the  piston  in  place,  the  nut  being  in 
turn  secured  by  a  lock  nut  or  split  pin  through  the  end  of  the 
rod.  Various  modifications  of  these  methods  are  of  course  used 
according  to  the  fancy  of  the  designer. 

The  diameters  of  piston  and  corresponding  rod  for  a  rod  of 
cold  rolled  steel,  tensile  strength  65,000  pounds,  a  factor  of  safety 
of  10  and  a  pressure  of  150  pounds  are  given  in  Table  IV. 

TABLE  IV. 


istou  diam. 

Hod  diam. 

Diam.  of  rod  end, 

Inches. 

Inches. 

Inches. 

4 

13 

11 

6 

l'' 

1§ 
5| 

8 

10 

2t 

V 

■ 

12 

22 

V 

. 

U 

2? 

2 

The  water  end  of  the  pump  is  necessarily  long,  as  the  piston 
must  be  of  such  length  that  it  can  be  j>acked,  and  usually  with 
some  kind  of  soft  packing  such  as  flax,  hemp  or  leather.  Fig.  27 
shows  the  detail  of  a  piston  designed  for  use  with  scjuare  flax  pack- 
ing; the  bo<ly  is  fastened  to  the  piston  rod  by  the  nut  A,  the  pack- 
ing laid  in  place,  and  the  follower  forced  u[)  by  the  nut  I>  which 
is,  in  turn,  secured  in  plact^  by  the  lock  nut  (\    For  large  sizes,  the 
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design  is  the  same  except  that  the  follower  is  set  up  by  a  nnmber 
of  nuts  near  the  edcje  screwed  onto  stud  bolts. 

The  leather- 1  jacked  piston  is  made  as  shown  in  Fig.  28.  The 
packincr  is  made  l)y  jjressing  sheets  of  wet  leather  into  iron  forme 
and  allowincT  them  to  dry  there,  after  which  the  edges  are  finished, 
The  nidius  of  the  corner  must  be  large,  so  that  the  leather  will  not 
be  injured  in  the  j)ressing  process,  about  J^  to  |  inch  being  suffi- 
cient.  The  diameter  of  the  disc  from  which  the  cup  is  formed 
need  not  be  more  than  1|  to  1^  inch  greater  than  that  of  the  pis- 
ton, as  there  is  no  object  in  having  the  lip  of  the  cup  longer  than 
just  sufficient  to  make  a  tight  joint. 

T^ss  common  forms  of  piston  packing  are  the  metal  ring 
sprung  into  plac^  and  the  series  of  grooves.     For  the  former,  tho 


Fit?.  27. 


Fig.  28. 


ring  sliouKl  l»e  mmU^  ahout  ,1^  inch  larger  than  the  piston  for  a  12- 
inch  piston;  other  sizes  in  proportion.  For  the  groove  packinjx, 
the  grooves  are  best  made  about  g  inch  deep  by  ^  inch  wide.  If 
soft  j)acking  is  used,  the  length  of  a  j)iece  cut  for  a  ring  should  he 
sonu'what  less  tlian  tliat  needed  to  have  the  ends  meet  when  phuu-d 
around  tlie  piston  body  in  order  to  allow  for  the  swelling  of  tlie 
packing  as  it  l)econies  wet.  One  rule  is  to  make  the  s])ace  between 
ends  e(iual  to  the  width  of  the  packing. 

For  a  plunger,  a  hollow  casting  is  generally  useil;  the  only 
recjuirement  being  tliat  the  thickness  shall  be  sutlicient  to  with- 
stand the  ])ressure  against  which  the  pump  acts.  The  length  must, 
of  course,  be  equal  to  the  stroke  plus  the  length  of  the  stuffing  box 
and  an  amount  sutKcient  to  ensure  that  the  head  of  the  plunger 
will  never  strike  the  gland.    A  plunger  is  sometimes  used  with  an 
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open  end  and  the  partition  set  back  into  the  interior  of  the  plunger, 
but  this  is  not  as  strong  a  construction  as  the  closed-end  type  and 
is  more  expensive  to  make. 

With  single-cylinder  pumps  it  is  customary  to  use  an  air 
chambi^r  on  the  discharge  to  steady  the  flow  of  the  water  and  pre- 
vent shock,  but  for  those  having  several  cylinders  this  is  not  con- 
sidered necessary.  Even  if  the  motion  is  slow,  and  the  pressure 
against  which  the  pump  works  is  great,  it  is  better 
to  use  the  air  chamber  even  with  multiple  cylinders, 
and  it  is  often  advisable  for  fast  running  pumps  or 
those  with  a  long  suction  pij)e  to  use  an  air  cham- 
ber on  the  suction  side  as  well.  The  volume  of 
the  discharge  chamber  should  ])e  three  to  four 
times  that  of  the  j)iston  or  plunger  displacement 
per  stroke,  and  for  the  suction  chamber  twice  such 
displacement  if  the  pump  is  single.  For  duj)lex, 
.1  to  A  less  will  answer.  The  neck  of  the  chamber 
should  be  long  and  narrow  so  that  the  air  will  not 
easily  e8caj)e,  and  the  flow  of  water  into  and  out  pj^r.  29. 

of  the  chamber  will  be  somewhat  retarded.     For 
small  sizes  the  chamber  is  made  of  copper  in  a  standard  form  as 
seen  in  Fig.  29,  the  dimensions  being  about  as  follows: 

Pipe-tap  thniad,  inches. 
1 


Diain.  inches. 

Height,  inches. 

6 

10 

8 

14 

9 

15 

10 

16 

!| 


2 

For  larger  sizes  a  casting  is  used  with  straight  sides  and  a 
hemispherical  top  as  seen  on  Fig.  17.  For  this  style  a  common 
j)r()portion  is  to  make  the  height  three  times  the  diameter  and  the 
diameter  of  the  neck  one-third  that  of  the  chamber  proj)er. 

The  air  chamber  on  the  discharge  should  be  placed  at  the 
highest  point  of  the  valve  chest  and  above  the  delivery  0|)ening  so 
that  the  air  will  not  tend  to  slip  out  with  the  water.  Even  then, 
the  air  will  be  gradually  absorbed  by  the  water,  and  provision 
must  be  made  for  renewing  the  air  cushion  either  when  the  pump 
la  not  in  use  by  admitting  air  through  a  cock  and  allowing  some 
water  to  escaj)e  from  the  valve  chest,  or  continuously  by  an  auto- 
matic pump. 
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The  suction  air  chamber  should  be  so  placed  that  the  stream 
of  water  flowing  to  the  pump  may  cushion  against  the  air  in  it 
without  changing  its  direction  abruptly.  Two  positions  which 
fulfill  this  condition  are  shown  in  Fig.  80.  If  it  is  impossible  to 
place  the  suction  chamber  in  such  a  position,  the  capacity  should 
be  increased  considerably,  the  amount  depending  on  the  speed  at 
which  the  pump  is  to  be  run. 

In  designing  the  valve  chest,  flat  surfaces  should  be  avoided, 
as  they  are  not  adapted  to  resist  pressure.  A  rounded  or  oval  sur- 
face gives  greater  strength  and  will  more  easily  conform  to  the 

outline  presented  by  the  valve  studs 
and  the  top  of  the  chest.  A  good 
design  is  shown  in  Fig.  16. 

Clearance  is  the  name  given  to  the 
space  at  the  end  of  the  cylinder  iuto 
which  the  piston  or  plunger  does  not 
travel.     It  is  not,  as  is  the  case  with 

r~->      M N       J — ^   the  steam  engine,  a  source  of  loss, 

>^      \f/^     \\JZZj      I    hence  it  is  advisable  to  provide  a 

generous  amount  so  that  there  will 
be  a  place  for  grit  or  foreign  matter 
to  settle,  and  no  possible  chance  of 
the  piston  striking  the  cylinder  head. 
The  ports  or  valve  openings  and 
the  passages  from  the  valve  chests  to 
the  c  ylinder  should  be  large  enough  so  that  the  velocity  of  the 
water  when  the  pump  is  working  at  its  greatest  speed  will  be 
not  over  300  feet  per  minute.  The  ports  should  be  short  and 
direct  to  avoid  friction,  and  if  possible  should  be  so  arranged  that 
the  water  passes  into,  through  and  away  from  the  pump  without 
changing  the  direction  of  its  motiou.  This  last  condition  usually 
conflicts  with  the  necessity  of  placing  the  valves  so  that  they  are 
readily  accessible  and  is,  therefore,  disregarded  by  many  makers. 
The  stuffing-box  for  rods  1  inch  or  less  in  diameter  is  made 
with  a  cap  to  screw  over  the  end  of  the  box  aud  forces  in  tlie  i^ljirui 
as  in  Fig.  31.  For  liirger  sizes  the  gland  is  forced  in  by  nuts 
screwed  on  stud  bolts  which  pass  through  a  flange  on  the  gland.  See 
Fig.  82.     The  gland  and  box  may  be  bushed  with  brass  as  shown, 


Fig.  30. 
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or  nmde  ot  solid  iron.  The  box  sliould  be  made  deep  enongh  to 
allow  fonr  rings  of  packing  and  should  preferably  have  the  bottom 
ftnd  the  end  of  the  gland  chum fcrnHi  in  order  to  force  the  packing 
against  the  ro<l  and  make  the  joint  more  ei-cnre. 

The  frame  or  body  of  the  pump  is  to  hold  all  parta  together 
and  keep  them  rigidly  in  position.  With  thia  end  in  view,  it  pays 
to  nae  enough  iron  to  make  the  frairie  massive,  yet  it  shonld  be  so 
distributed  as  to  be  of  the  moHt  use.  The  atandards  or  legs  shonld 
be  of  good  length  so  that  the  pump  may  stand  well  away  from  the 
foimdation  and  be  accessible.     The  feet  shoukl  have  a  large  sur- 


Fig.  31.  KiK.  m. 

fac«  to  Bttciire  stability  and  good  bearing.  For  pumps  wliicb  are 
to  work  against  high  preseures,  round  chamhera  connected  by 
ronnd  jiassagewaya  should  be  used  for  the  valve  chambers.  Tlie 
valvo  chambers  should  bo  so  arranged  that  the  valves  or  seats  may 
be  easily  removed  and  replaced,  a  convenient  arrangement  being 
that  ot  Fig.  16  where  the  inlet  valves  are  directly  under  the  out- 
let valves,  hence  can  be  readily  examined  Details  of  such  an 
^gnangement  as  used  in  the  Cuuieron  and  Davidson  pumps  are 
^Bpen  in  Figs.  33  and  34  respectively. 

^H  The  arran^ment  of  the  [>arta  of  a  pomp  is  the  test  of  a 
^Bwigner's  skill.  Air  pockets  must  be  avoided  in  the  cylinder  or 
appearance  sjmces,  as  otherwise  tho  pump  will  waste  much  of  its 
™^*ffort  im  the  air  thus  canghl.  The  passage  through  the  cvlinder 
ninst  bu  so  designed  that  the  water  leaves  at  the  highest  i>oint  of 
the  chamber  and  all  recesses  in   which  air  might  be  caught  mast 
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be  carefnlly  avoided.  Air  pockets  io  the  discharge  valve 
chamber  are  not  serious,  but  in  the  inlet  valve  chamber  they  will 
result  in  loBt  motion. 

Almost  all  small  horizontal  pumps  are  arranged  with  both  tYw 
inlet  and  dischargu  valvo  chambers  above  the  cylinder,  as  this 
laakes  all  valves  readily  accessible,  and  gives  a  compact  water  end. 
Unquestionably  smoother  action  and  a  more  efScient  pump  would 
be  obtained  if  the  admission  valves  were  placed  below  the  cylinder 
so  that  the  water  need  not  reverse  its  direction  of  flow  while  pass- 
infj  tlirouifh  tbepnmp;  but  it  is  a  case  for  judicious  compromiEe, 
and  the  eommoa  arrangement  gives  good  service  so  long  as  the 
speed  of  working  is  slow. 
Nevertheless,  it  is  well  to 
keep  the  better  arrange- 
ment in  mind,  in  which  the 
suction  enters  at  the  bot- 
tom of  the  pump  and  the 
discharge  leaves  at  the  top. 
The  suction  pipe  usuallv 
comes  in  at  one  side,  and 
tho  discharge  leaves  (iirf'<-t- 
ly  above  it  on  the  same  siiii', 
as  shown  in  Fig.  35,  or  tbo 
^'e-  33.  FiK.  .U  eij^  opposite.     Fig.  35  h 

the  croi's  Pe«tion  of  a  sinplo  eyliTi<ler  ])umj). 

For  tlio  din-ct. acting  steam  piiirip,  the  steam  and  water 
cylinders  must  huve  tlieir  axes  coincident.  Tlie  two  cylinders 
should  be  placed  as  near  each  other  as  is  consistent  with  provision 
for  the  valve  gear  and  room  to  csire  for  the  stufKng  boxes. 
('onijMictness  is  desirable,  but  convenience  in  caring  for  the  pump 
and  in  making  repairs  is  inuch  more  essertial. 

At  tile  lowest  [loint  on  eiicli  end  of  each   cylinder  provide  a 
drain  ciK-k   l»y  iiieariH  of  which  all  water  may  be  drawn  off  when 
the  pniiip  iM  stint  down  in  order  to  prevent  rusting  or  pitting  and 
cold  weather. 
T  plunger  and  length  of  stroke  are 
desired.     The    allowable   speed    of 


IH  slint  down 
.„K,T  „[  rr,-,.Ki„s  ■« 
The  size  of  the  piston  < 

determined    hy    the   eitjuicih 


piston  is  often 


Blateil 


.  HH)  feet    ]H'r  minute,  but  it  is  better 
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limited  to  60  double  strokes   per  minute,   as   the  determining 

factor  is  really  the  time  needed  for  reversal  and  changes  of  valves 

at  the  end  of  the  stroke.     For  small  pumps  the  limit  might  be 

made  100  double  strokes  per  minute,  but  the  smaller  number  is 

better.     At  60  double  strokes  or  120  single  strokes  per  minute 

the  piston  8{)eed  in  feet  per  minute  will  be: 

7vl^0 

^^^^         -lOZ 
12 

where  I  is  the  stroke  in  inches;  and   for  100  double  strokes   the 

speed  will  be  y  times  the  above  value  or  10.7  I.     For  pumps  of 

over  6-inch  stroke  this  higher  limit  is  not  advisable. 

Table   V   gives    the    capacities    of   various    sizes   of  pump 
cylinders  at  60  double  strokes  per  min- 
ute,  without  allowance  for  slip. 

From  Table  V  can  be  seen  directly 
the  capacity  of  any  size  pump  at  a  speed 

of  60  strokes  per  minute,  or  the  diam-     "^^^^i^HA^^TiiScHARQE 

eter  and  corresponding  length  of  stroke 

needed   to  move  any  given  number  of 

gallons  per  minute.    To  find  the  capacity 

at  any  other  speed,   divide  the  given 

capacity  by   60  and  multiply  by   the 

number  of  double  strokes  at  which  the 

pump  is   to   run.      Thus   to   find   the  ^^'  ^' 

capacity  of  a  pump  3  inches  diameter  by  4  inches  stroke  at  80 

strokes;  the  capacity  at  60  strokes  is   14.7  and  at  80  it  will  be 

14  7 

'    X80  =  19.6  gallons  per  minute. 

The  ratio  of  stroke  to  diameter  may  be  chosen  by  the  designer, 
the  value  in  standard  designs  running  from  2:1  to  1:1.25,  the 
more  common  being  3:  2  and  1: 1. 

The  first  value  to  be  found  is  the  amount  of  water  to  be 
handled  per  minute,  and  this  will  usually  be  determined  by  the 
work  for  which  the  pump  is  to  be  used.  The  allowance  for  "slip,'^ 
that  is,  the  loss  due  to  slow  closing  of  the  valves  and  leakage  must 
then  be  added  before  the  size  of  the  water  end  can  be  settled. 

The  slip  depends  on  the  style  of  valve  used,  the  size  of  pump 


389 


40 


STEAM  PUMPS 


u 
< 


5 

Z 

i 

u 

Ok 
U 

:^ 

o 

I- 
t/) 

OJ 


e 
>o 

H 
< 

cu 

I- 
:3 
z 


m 

Ok 

z 
o 


Cl. 

Cl. 

CL 

O 

> 
< 

a. 

< 


1 1  '^ 


X 


C^ 


8 


» 


:c  • 


(M 


Oi 


QO 


I- 


1"^ 


CO 


'M 


J9^aUlBlQ 


OiOii-JoDO^OCO'^C^Ot^COOO 


Oi  ifi  1-H  Oi  r-  X 


COO^CO 


c^ 


00  CO  ^ 


CO  '^  »^  ^ 


CO 

«cbco»i3^t-i^-o5?oa 


i-Hi-ii-iO<CO"^»Ot*0'^00 


222§iSg 


?5 


^i-ii-iC^C0'^iCCO^C^COi-H®^l^ 


1-H -^  CSI  CSI  CO  CO 


CO        CO  CO  CO 


C^  CO  lO  t^  Oi  ^  "^ 


^c^-^ 


C^CO'^i^QOi-i'^QOCm^'M 

.  1-1  ^  1-H  6i  c^  00 


a:S3p    ,'*^prip     cox 

•^Oi^'fQX^'r^C^OCO'cpOi^QC^XCOOCC 


•        •        •        • 


i-<  »H  C^  CO  OD  ^  tr» 


OQifiO 

»-H  CO 


04  t/d  C)  CO  X 


^  t^     ^  CO  40  X  X 

-^cdiocoQiiJcsii-Ico' 

i-HC^«i5cOXO"^ 


CO 


SoS 


^8S**> 


X^  ^ 

ioxo  cocoon 


•  • 


CO-^C^COl/SOO-^^-H^ 

1-1  c^  c«5  "^  ic  t    ^ 


•         •         •         • 


X  t^  O  CO 

COCOOSO     .Oi-^CO.  00        X 

•n'^-J-Ho-^r^i— OiQOiXXQCO 

.■-OicoxcoaicD5ic5eoxcoxi-» 


^^-H(N 


COCO'QCiQCsicD^'tr-^QX-^COG) 
^c504^iCCOXi-iCDO;C'Nl:^ 

»-H  1PH  ^  C^  CO  "^ 


SrSSx  X 

CO  o  CO  to  X 


r-^  O*  O 

oocqpxxcc 

r-^  IC  »5  »c  r^  —  CO  O  CO  t-^  CO  C^  Q  C<l  X  "^ 

»-iC^C0"^iOl^O't<aCC0X»-<CCC0'!t<'^ 


<M  X  I-  C^ 


-M  i.C  »-<  O        X  '^  X 


c^iaiu'?<Mca:^^xpcox'^c^QcO'Tf<xQx 

i-ic^coco-^oxJiLOOi-^toxiMaii^xo 

»— ii-Hf— iC*IC0^CDC*Oi»-<'^ 


o»-;t^. copccoop'^    ,00 

C^'  00  c4  CX)  »C  ^i  ^  Q  CO  Q  Q  ii3 
r-i»-<'MC0'^»5t*OC0CD 


CO 


Ci  O  cs  CO  1— I  X  i^ 

C^  "^  1/5  CO  X  Oi  ^^ 


CCM  X  X  Q 

^uc-^^ppc^pxxop'^c^    ^C^l 

^tbO'^CSpcOOXOi'^lic^OQi^OXXC^QO 
r-(*-H^C^CO'^iaL^OCOCOCO'N»— •'Mu'^Oi-H 

*— if-^i-iC^OO-^tSCOt^di 

"^'OTCC  '-I  Q 
C^l  QO  ;r  p  p  -^  00  CO  p     .  "^  ^  "^ 

,-H^i^,-JLffai'^Q«^*Qo6oic4coocor-oi-^'^ 


^^  *^   1*^  «^  lO 

X  ^_  i_  CO  O^  r-^  ?C  p  "^  p  (>!  1-H  to  CD 

pcciCi^cicocd'Naioi'>icp'-<t--Q^'^co»oo 

1-ir-iCSCNCOUD^X^-HCOOCO'MOit- 

rl  11 W  0<  CO  CO  Ttl 


Ho»       "^J       ^*s» 


^'MC4COOO^^iACDC*000)OC4^qDQOQOJ;j 


390 


STEAM  PUMPS 


41 


an<l   tho  PpMMl  at  whicli  it  runs.     Approxiinato  values  are  sliown 
in  tabic  VI. 

TABLE  VI. 


Class  of  Pump. 


Slip  in  Percent  of  Volume  Pumped. 


At  high  speed. 


Small  Centrifugal 

Medium       **  

Fire  Engines 

Large  Centrifugal 

Lift  and  Drainage 

Mine  and  Deep  Well  Pump/5 
Waterworks 


75 
50 
40 
25 
15 
8 
6 


At  low  speed. 

fiO 
40 
30 
15 
10 

5 

4 


We  can  now  determine  the  size  of  a  pump  to  move  a  given 
volume  of  water.  Suppose,  for  example,  that  it  is  required  to 
force  200,000  ])Ound8  of  water  through  a  condenser  per  hour. 
This,  at  8.338  pounds  jyer  gallon,  would  be  23,987  gallons  per 
hour,  or  400  per  minute,  if  there  were  no  slip;  but  for  a  common 
lift  pump  we  must  allow  10  per  cent  so  that  the  caj)acity  must  be 
for  400x1.10=440*  gallons  jx?r  minute.  From  table  V  this 
would  require  a  10x12,  a  9x11  or  an  8x18;  the  10x12  would 
be  the  most  common  proj)ortion. 

The  area  of  valves  should  be  such  that  the  velocity  of  the 

water  through  them  will  not  exceed  250  feet  per  minute;  for  440 

440  X  231 
(rallons,  the  volume  would  be   — i-.»:'  -  =  59.8  cubic  feet.     At 

58.8 
250  feet  per  minute,  the  valve  area -= -nTTTr  =  .2352  square  feet, 

or  practically  34  square  inches.     The  area  of  3-inch  valve  is  7 

s(juare  inches,  so  that  the  five  valves  would  be  sufficient.     The 

34 
circumference  is  9.42  inches;  this  gives  a  lift  of    ^       .    .  =  .723 

O  X  •-'.4 

inch,  an  amount  perhaps  not  too  great  for  smooth  action  at  the  low 

pressure  of  a  condenser  pump;  but  it  would  be  better  even  for  this 

service  to  use  twelve  2- inch  valves  giving  a  lift  of  .45  inch. 

To  find    the    power    required,  it  is  necessary    to    know  the 

pressure  against  which  the  pump  is  to  act  both  for  suction  and 

forcing.     Assume    this    to    be,    in    the   present   case,    5    feet   of 
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Quction  head  and  5  pounds  j)ressnre  due  to  the  friction  in 
piping  and  condenser  tubing;  the  total  pressure  will  then  be  7.10 
pounds  j)er  square  inch,  and  on  the  10- inch  piston  the  total 
force  would  be  7S.54x7.16  =562  pounds.  The  pump  is  to 
make  120  strokes  per  minute,  each  stroke  being  12  inches  or 
one  foot  long,  so  that  the  work  per  minute  would  be  120 X  562  == 
67,440  foot  pounds,  and  the  power  67,440^33,000  =  2.04  horse- 
power  provided  there  were  no  friction.  It  is  customary  to  allow 
25  per  cent  for  friction  in  pumps,  which  would  increase  the  power 
required  to  2.04x1.25  =  2.55  horsepower. 

To  find  the  diameter  of  steam  piston  needed,  the  steam 
pressure  must  be  known  and  the  foregoing  process  can  then  be 
reversed.  Assume  the  pressure  to  be  80  pounds;  the  work  per 
minute  is  2.55  X  3:^000  =  84,000  foot  pounds,  which,  at  120  feet 
j)er   minute   would   require   a   force  of  700  pounds,  and,  at  SO 

j)Ounds  per  8(juare  inch  an  area  of  -  ^  .  -  =  8.75  square  inches,  cor- 
responding to  about  a  S^-inch  diameter.  Usually  the  steam  and 
water  ends  are  made  mueh  more  nearly  the  same  size  than  this 
would  indicate  and  the  steam  throttled  between  the  boiler  and  the 
steam  end  of  the  puinj),  so  that  the  pump  may  be  adaptable  to  a 
wide  ranire  of  conditions. 

Tlie  parts  of  a  j)unip  should  ])e  proportioned  to  withstand  the 
forces  which  are  to  coine  on  them,  not  only  without  danwr  of 
breaking,  but  without  bending.  For  the  j)arts  which  are  to  be  of 
cast  iron,  sucli  as  cylinder,  valve-chests  and  frame,  the  considera- 

%■' 

tion  which  decides  the  dimensions  is  often  the  thickness  of  metal 
wliich  will  cast  well;  while  for  the  j)iston  it  is  the  length  which 
will  give  a  good  bearing  surface  on  the  cylinder  to  resist  wear, 
and  a  tight  joint  to  j)revent  leakage.  These  })oints  are  largely 
matters  of  exj)erience  and  good  judgment,  but  some  ideas  can  W 
given  as  to  common  practice. 

For  a  |>acke(l  piston,  usually  4  rings  of  ^-inch  square  |)acking 
are  used,  (omnion  values  of  nnl  diameters  are  given  in  Table 
IV.  In  designing  the  body  and  follower  of  the  piston,  it  should 
be  remembered  that  the  less  weitrht  the  better  so  lontj  as  the 
strength  is  sutlicient;  but  a  jnece  of  cast  iron  less  than  ^-inch 
thick  seldom  casts  well  in  any  complicated  casting. 
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For  the  cylinder,  tlie  same  ocjuatioii  may  well  be  used  for  both 
steam  and  water  en<ls.  Whitham  f^ives,  allowing  for  strength, 
rigidity  and  possible  reboring:  /_-.()8|  P  D  where  P  is  the 
maximum  pressure  iu  the  cylinder  in  pounds  j)er  square  inch 
and  D  the  diameter  iu  inches;  t  is  of  course  the  thickness  of  the 
cylinder  walls.  The  length  of  the  cylinder  will  be  the  length  of 
stroke  plus  the  thickness  of  piston  and  fastening  nuts  plus  twice  the 
clearance  at  one  end  which  should  be  at  least  A  inch.  The  clearance 
should  be  counterbored  to  leave  the  length  of  the  bore  somewhat 
less  than  the  length  of  stroke  plus  the  length  of  j)iston.  The  soft 
picking  or  piston  rings  should  not,  however,  be  allowed  to  run 
into  the  counterbore.  An  average  of  various  formulas  for  the 
thickness  of  cylinder  heads  and  flanges  as  given  by  Kent,  is  ^  =^ 
.00036  PI);  .31  inches.  The  flantres  on  the  cylinder  are  made 
of  the  same  thickness  as  those  on  the  cylinder  head. 

For  large  cylinders  it  is  usual  tp  support  the  head  by  ribs 
running  from  the  center  to  the  circumference,  though  some 
designers  consider  this  bad  practice.  The  flange  through  which 
the  bolts  pass  is  made  \  thicker  than  the  thickness  of  heads  given 
by  the  above  formula.  To  avoid  springing  of  the  flanges,  cylinder- 
liead  bolts  should  be  so  spaced  that  the  distance  on  centers  will  be 
not  over  4  to  5  times  the  thickness  of  the  flanges.  The  diameter 
should  be  such  that  the  stress  in  the  bolts  will  be  less  than  5000 
jK)unds  j)er  square  inch.  If  N  is  the  number  of  bolts  and  d  their 
diameter, 

N  X  ■    .      XoOOO  ^—r-  I^>  and  simplifying. 


\    5000  N 


The  area  of  inlet  and  discharge  ports  and  j)ipes  should  be  at 
least  equal  to  that  of  the  valves. 

The  thickness  of  the  walls  of  the  valve  chambers  is  usually 
a  little  greater  than  that  of  the  cylinder  walls.  For  high-pressure 
pumps  it  is  best  to  give  these  chambers  as  nearly  as  possible  a 
cylindrical  form  in  order  to  secure  the  greatest  strength  for  a 
given  weight  of  material. 

For  the  frame,  it  is  impossible  to  give  any  rules  or  sugges- 
tioQd   except   that  the   student   should   get  catalogues  from  th^ 
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proiiiinriit  inakiTs  an<l  Ftiidy  tlirm  to  sro  what  lias  In^n  foiiud 
Bat  is  factory. 

For  ])roj)ortioniiig  tlio  driviniir  imkI  of  a  pump,  whether 
stt*ain,  belt  or  motor  driven,  the  ordinary  rules  for  the  kind  of 
machinery  InvolvtHl  a])j>ly.  However,  it  should  be  remembered 
that  the  parts  are  subjectinl  to  severe  shoc^k  on  the  reversal  of  the 
j)ump.  hence  a  factor  of  safety  as  high  as  15  should  be  used. 

"NVluM'C!  pum])s  are  re(]uinMl  for  s()ecial  service,  the  amount  of 
water  to  be  pnm|H*<l  jkt  hour  is  generally  tixed  by  the  conditions 
of  the  servient*;  but  for  a  few  cases  the  method  of  determining 
that  amount  can  be  definitely  given.  For  a  boiler-feed  pump,  it 
is  necessary  to  know  the  horse-power  of  the  boilers  to  Ihj  cared 
for  l»y  the  pump.  One  boiler  horse-|K)wer  will  call  for  the 
handling  of  HO  pounds  of  wattT  jHThour,  and  the  pump  should  be 
sjHH'itied  accordingly  with  an  allowance  for  good  measure.  For 
an  air  pump  to  remove  the  air  and  condensed  steam  the  amount 
of  tin  id  to  be  handliHl  is  ditlicult  to  estimate,  hence,  a  common 
rnle  is  to  make  the  volume  of  the  double-acting  air-pump 
cylinder  o\,  that  of  the  low-pressure  cylinder  of  the  engine  which 
it  is  to  serve.  The  double-acting  circulating  pump  has  a  volume 
about  .j\,  that  of  the  low-pressure  cylinder,  or  it  may  be  figured 
from  the  horse- power  of  the  engine,  assuming  the  steam  consamp- 
tioii  at  XJo  pounds  j)er  I.  II.  P.  jK*r  hour,  and  the  cooling  water 
at  oi)  pounds  per  poun<l  of  steam.  Of  course  for  accurate  calcula- 
tion, the  steam  consumption  would  vary  with  the  size  and  type  of 
enifiiie,  but  the  above  will  i^ive  safe  averaire  values. 

Fire  pumps  are  designed  with  s])ecial  care  to  meet  the  require- 

nu'uts  of  till*  insuranc(»  companies.  Stateil  briefly  these  are: 
Al)ility  to  start  instantly  after  long  disuse;  must  be  duplex,  with 
eross-ojK'rated  valves;  sliould  j)referably  be  of  plunger  pattern; 
must  be  brass-titted  throughout;  designed  to  carry  a  water  pres- 
sure  of  H'JO  pounds;  suction  valve  area  sliould  l>e  not  less  than  50 
prr  cent  of  plunger  area  for  K^-inch  stroke  and  5fi  jxjr  cent  for 
rj  inch;  <liM'hargc  valvi'  area  should  not  be  less  than  §  the  suc- 
tion-valv(^  area;  valve  springs  should  be  cylindrical,  not  conical, 
and  held  at  the  ends  in  a  trj'oove;  stiuls  to  be  so  desii^ned  as  to 
always  allow  a  lift  J  of  the  valve  diameter;  valve  seats  should 
be  of  gun   metal  held  in  the  deck  by  a  tajjer  thread,  or  a  smooth 
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taper  bore  forced  in,  having  the  lower  edge  turned  over;  least  area 
of  exhaust  passage  should  be  4  per  cent  of  piston  area;  admission 
ports  should  be  not  less  than  2^  per  cent  of  piston  area;  clearances 
should  be  as  small  as  possible;  valve  tappets  should  be  non- 
adjustable;  cushion  valves  controlling  a  by-j)as8  from  steam  to 
exhaust  port  to  regulate  the  amount  of  steam  cushion  at  ends  of 
stroke  are  recommended  for  750  and  1000  gallon  pumps;  a  gauge 
should  be  provided  which  will  show  at  all  times  the  length  of 
stroke  that  the  pump  is  making;  water-pressure  gauge  with  J-inch 
lever  cock  should  be  connected  close  to  the  air  chamber;  a  relief 
valve  of  Ashton,  Crosby  or  similar  pattern  and  of  size  sufficient  to 
discharge  the  full  throw  of  the  pump  working  at  §  speed  should 
be  furnished  and  set  to  100  pounds  pressure;  this  valve  should 
have  a  hand  w-heel  conspicuously  marked  showing  the  direction 

to  -*^PEN^"'^  j  relief  valve  should  discharge  downward  into  a 
vertical  pipe,  thence  into  a  funnel;  §-inch  brass  drip  cocks  with 
lever  handles  should  be  on  both  ends  of  the  steam  and  water 
cylinders;  a  J-inch  lever  air-cock  should  be  on  the  cover  over  the 
water  cylinders;  each  pump  should  be  fitted  with  brass  priming 
pijK?,  starting  with  a  2x1x1  inch  brass  tee  close  to  the  pump 
beneath  the  delivery  flange  and  leading  to  four  |-inch  valves,  one 
opening  to  each  of  the  four  plunger  chambers;  a  priming  tank 
should  be  provided  with  bottom  at  least  5  feet  above  the  pump, 
and  having  a  ca{)acity  half  that  of  the  pump  in  gallons  per  minute, 
unless  water  flows  to  the  pump  under  pressure;  priming  tank 
must  be  used  only  for  that  purpose;  each  pump  is  to  be  fitted  for 
hose  connections  as  per  number  of  streams  to  be  served;  capacity 
of  cylinders,  sizes  of  pipiug,  air  a"d  suction  chambers  and  relief 
valves  should  be  as  j)er  Table  VII. 

A  special  acceptance  test  is  demanded  as  follows:  The  pump 
must  run  smoothly  and  without  slamming  at  its  full  rated  speed, 
maintaining  a  water  pressure  of  100  jx)uuds  jx^r  square  inch  when 
furnished  with  steam  at  a  pressure  of  45  j)ounds  for  the  SOO-gal- 
lon  pumj),  50  pounds  for  the  TSO-gallon  pump,  55  pounds  for  the 
lOOO-gallon  pump.  The  water  to  be  discharged  through  1 J -inch 
nozzles  on  hose  lines  150  feet  long;  the  hose  must  lie  quiet,  show- 
ing  uniform  deliverj';  with  all  water  outlets  closed  and  steam  sup- 
plied  to  give  80  pounds  water  jircssure,  leakage  must  not  allow 
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the  pump  to  make  more  tbao  one  double  stroke  per  ininnte;  with 
water  outlets  nearly  closed  and  pump  runuiiig  slowly  it  must  carry 
water  pressure  of  240  pounds  per  square  inch  and  all  jointB 
remain  practically  tight;  with  relief  valve  set  at  100  pounds  and 
all  other  outlets  closed  it  must  discharge  full  deliveryat  GO  double 
strokes  per  minute  with  the  water  pressure  rising  to  not  over  125 
poQiida. 

Tliese  e|)ecification3  call  for  a  first-class  design  and  construe* 
tion,  but  such  are  necessary  if  a  fire  pump  is  to  serve  its  purpose 
of  a  jirotectiou  in  case  of  emei^ncy. 


Fig.  38. 

A  name  plate  must  be  placed  on  the  inboard  side  of  the  air 
chamlx;r  l)earing  data  as  follows  in  black  enamel  letters  ^  inch 
high  un  a  white  enamel  ground: 

Diameter  of  cylinders  and  stroke  10x9x12.  Capacity  gal- 
lons j)er  minute  7oO  orthreel^-incb  smooth  nuzzle  streams.  Full 
s))ee)l,  revolutions  or  double  strokes,  "For  Fire  purposes  never 
let  steam  get  below  50  jM>uiids,  nights  or  Sundays." 

TYPES. 

In  classifying  jiumps  by  tyj)es,  two  methods  of  division 
naturally  snggeat  themselves;  the  first  according  to  the  arrange- 
ment of  the  water  end,  the  second  according  to  the  means  of 
driving   employed.      The   diitercuce   between    single-acting   and 
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donble-actiiig  pomps  baa  already  been  noted;  the  single,  duplex 
or  trijilex  arraDgement,  depeude  on  whether  one,  two  or  three 
cylinders  are  asaeinbled  into  a  single  machine,  drawing  water 
from  the  aaitiu  suction  inli;t  and  discharging  it  into  the  same 
outlet. 

The  single  pump  is  tituch  used  for  small  sizes  or  where  con- 


FiK.  .17. 

etiincy  of  Hi'w  is  of  minor  iiiiportaticc.  It  is,  of  course,  the 
cbcapt'at  arninfrciiicTit  mni  ^ivo.-i  sutiafuctory  results  if  the  piniip 
ia  of  (iKipIo  BiKi'  f(ir  the  work.  A  difficulty  with  this  ty|«!  of 
puiijji  irf  tin?  pri)visiini  (if  a  mciiris  of  ojn'ratiiig  the  steam  valve  to 
reverse  the  luulii.ii  of  llio  jiistoii  at  the  end  of  the  stroke.  Tlie 
jiistdiirt  ill  f^te;iiti  and  water  cylitidera  must  he  8top{>ed  gradually  to 
avoid  jioiiTidinj:,  nml  tliis  leaves  no  force  available  just  at  tlie  eiiJ 
of  liie  stroke  when  it  U  neoded  to  move  the  steam  valve  so  aa  to 
reverse  the  iimlLon. 

The  difficulty  liiis  bwn  overcome  in  two  ways;  first  by  the 
intnMluetiiin  uf  a  shuft  and  Hy  wlieel,  driven  by  a  orimk  and  a 
yoke  in  tlie  nid  between  tlie  steam  and  water  cylinders  a^  seen  iri 
Fig.  itU,  Tho  inertia  of  tlie  lly  wheel  tben  furnishes  tlie  fonr 
needed  to  uiuvu  tJiu  valve  at  the  instant  of  reversal,  generally  \>] 


STEAM  PUMPS  49 


means  of  an  eccentric  on  the  shaft.  This  form  is  often  used  for 
fire-engines,  two  or  three  sets  of  cylinders  sometimes  beinj:]j 
connected  to  one  shaft,  in  which  case  the  jmmp  becomes  of 
dxi})lex  or  triplex  form.  For  stationary  pumps,  the  fly  wheel  and 
shaft  are  more  commonly  placed  beyond  the  cylinders  at  one  end 
of  the  frame,  and  the  shaft  is  driven  by  a  crank  and  connecting- 
rod  mechanism  from  a  crosshead  attached  to  the  piston  rod  as 
seen  in  Fig.  37.  The  fly  wheel  also  makes  it  possible  to  use 
steam  expansively.  The  second  niethod  of  effecting  reversal  is 
by  the  use  of  an  auxiliary  valve  and  steam-driven  main  valve. 
This  is  the  system  generally  found  on  small,  single-cylinder, 
direct-acting  pumps  for  boiler  feeding,  tank  filling  and  similar 
uses.  The  details  of  the  devices  used  vary  greatly  with  different 
makes;  these  will  be  taken  up  later. 

The  single  pump  is  compact,  cheap  and  convenient,  but  the 
flow  of  water  is  by  a  series  of  impulses  rather  than  in  a  steady 
stream,  so  that,  if  the  pump  is  forced,  it  slams  badly  and  produces 
water  liammer,  an  evil  but  partially  remedied  by  the  use  of 
discharge  and  suction  air  chambers. 

Duplex  pump.  To  avoid  this,  and  at  the  same  time  to 
simjJify  the  moving  of  the  steam  valve,  the  late  Henry  R. 
'NVorthington  devised  the  duplex  form,  in  which  two  direct-acting 
pumps  are^  mounted  side  by  side,  the  water  ends  and  the  steam 
ends  working  in  parallel  between  inlet  and  exhaust  j)i[H*s  as  seen 
in  Fig.  38.  The  steam  valve  for  cylinder  A  is  moved  by  a  bell- 
crank  lever  driven  from  the  rod  of  cylinder  B  as  it  nears  the  end 
of  its  stroke;  so  that,  when  the  piston  of  B  is  about  to  come  to 
rest,  that  of  A  is  set  in  motion.  While  the  piston  of  A 
makes  its  stroke,  that  of  B  is  at  rest  until  that  of  A,  near  the  end 
of  its  stroke,  moves  the  steam  valve  of  cylinder  B  by  means  of  a 
second  bell-crank  lever,  and  the  piston  of  B  is  once  more  set  in 
motion.  Thus  the  pistons  move  alternately,  but  one  or  the  other 
is  always  in  motion  and  the  flow  of  water  is  made  practically 
continuous.  By  this  arrangement  the  auxiliary  steam  valve  is 
made  unnecessary  and  a  simple  D  valve,  driven  by  a  valve  rod 
ru:?ning  through  a  stuffing  box,  is  used. 

The  triplex  pump  having  three  cylinders  delivering  to  the 
same  outlet  is  generally  used  for  power  pumps;  the  pistons   or 
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]iluiitrers  iiru  driven  fruiii  a  sliaft  hy  three  cranks  or  eccentrics,  set 
at  100  degreos  to  each  other  so  that  the  taroing  effort  required  on 
tlio  shaft  may  he  as  uniform  as  possible  and  the  flow  of  water 
steady.  A  style  often  nsed  is  single-acting  with  trunk  plungers, 
that  is,  the  connecting  rod  which  drives 
the  jilunger  is  fasteiu'd  to  a  pin  1 
the  hollow  IhmIv  uf  ihu  jilnnger  as  seen 
in  Kig.  ;!lt.  This  gives  a  compact  form 
and  one  not  likely  to  get  out  of  order, 
but  tliu  trunk  iirningement  ia  incunven- 
lent  ill  ease  of  any  wear  «iii  ihe  pin  in- 
fiide  the  plunger,  miil  the  fiide  thrust  of 
the  connecting  hkI  en>aten  «  ^iTtain  tend- 
ency lo  wear  ihi-  ]iluriger  jwekingso  that 


FiR.  .18. 

It  will  not  remiiin  light.  On  tlm  wliohi  it  is  better,  though  more 
exjHiu.-iive,  to  Ii;ive  a  regnlar  eros.sheiiii  and  ways  to  receive  the 
thrust  of  the  connecting-rod  as  in  Kig.  42,  The  cylinders  in  this 
Btyle  of  pump  aro  uwually  vertical  and  the  crauk  shaft  is  driven 
through  a  j>air  of  reducing  gears  from  a  second  shaft  which  is,  in 
turn,  driven  by  ;i  jiuUey  and  belt  or  an  electric  motor. 

Methods  of  Driving.     "With  re8[)ectto  the  method  of  driving, 
the  most  common  type  of  pump  is  the  direct-acting,  steam-driven, 
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with  steam  piston  and  water  piston  or  planger  od  opposite  ends 
of  the  same  rod.  For  smaW  sizes,  the  ateara  cylinder  works  with- 
out expansioD  of  steam,  the  piaton  l>eing  driven  hy  full  boiler 
pressure  throtighoat  the  stroke.  In  fact  it  is  impossible  to  avoid 
this  feature  of  full-stroke  admission,  since  the  pressure  in  the 
water  end  is  constant  throughout  the  stroke,  unless  some  means, 
such  as  a  fly  wheel  or  accumulator,  be  provided,  a  complication 
which  is  undesirable  with  small  powers.  The  simplest  way  to 
make  any  use  of  tho 
expansive  force  of  tho 
st«am  is  I)ycompound- 
ing;  that  is,  letting 
the  steam  exhaust 
from  the  email,  high- 
pressnre  cylinder,into 
which  it  is  first  ad- 
mitted, to  a  larger 
low-presBure  cylin- 
der, placed  in  tan- 
dem, with  the  first 
one.  See  Fig.  40. 
This  arrangement 
gives  a  pressure  on 
the  low-pressure  pis- 
ton,  which  gradually 
decreases  from  the  be- 
ginning to  the  end  of 
the  stroke  while  the 
pressure  on  the  high-pressure  piston  is  constant,  so  that  what- 
ever useful  work  is  gained  from  expansion  is  in  the  low-pres- 
sure cylinder.  This  is,  however,  found  to  be  sufhcient  to  pay 
for  the  extra  cost  if  the  service  is  continuous,  in  sizes  having 
a  watercylinder  over  8x12  inches.  The  compound  pump  is  nearly 
always  duplex,  though  a  few  manufacturers  offer  a  single  tandem- 
compound  style.  Since  the  steam  pistons  must  move  together, 
the  steam  valves  must  movo  together,  and  a  single  motion  serves  to 
operate  the  valves  for  both  high  and  low-pressure  cylinders. 
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The  simple  steam-driven  pump  requires  from  GO  to  120 
pounds  of  steam  per  horse-power,  per  hour;  the  gain  by  eomj)Ound. 
ing  is  about  30  per  cent  per  100  pounds  increase  in  boiler  pressure, 
60  that  the  steam  consumption  will  be  40  to  95  pounds  per  horse- 
power hour. 

The  volume  of  the  low-pressure  cylinder  is  made  from  2  to  4 
times  that  of  the  high-pressure,  depending  on  the  initial  pressure 
to  be  used. 

The  large  steam  consumption  of  direct-acting  pumps  of  the 
single-cylinder  tyjye  has  led  to  the  adoption,  in  many  large 
stations,  of  power-driven  pumps  of  various  kinds.  It  is  probably 
true  that  the  cost  for  steam  is  less  by  this  method  when  the  power 
is  developed  by  large  engines,  even  after  the  losses  in  transmission 
are  accounted  for,  because  the  efficiency  of  the  engine  is  so  much 
greater  than  that  of  a  small  pump.  But,  for  small  plants,  the 
convenience  of  having  the  pump  Icx'ated  near  its  work  and  of 
being  able  readily  to  control  the  8j)eed  has  overbalanced  the  con- 
sideration  of  saving. 

As  previously  mentioned,  nearly  all  power  pumps  are  geared, 
the  power  being  applied  to  a  driving  shaft  as  seen  in  Fig.  39. 
The  belted  type  is  driven  from  a  countershaft  and  provided  with 
fast  and  loose  pulleys  used  for  starting  and  stopping,  but  there  is 
usually  no  means  of  speed  regulation.  This,  together  with  the 
expense  of  belting,  the  room  needed  and  the  fact  that  the  con- 
venient location  for  a  pump  is  likely  to  be  such  as  to  make  a  belt 
a  nuisance  have  prevented  a  general  use  of  this  tyj)e,  and  with  the 
general  introduction  of  electric  power  into  all  plants,  the  motor- 
driven  pump  is  superseding  it. 

The  motor-driven  j)ump  is  of  the  same  general  form  as  the 
belted,  but  has  an  electric  motor  mounted  on  the  driving  shaft  in 
place  of  the  pulley,  or  has  a  double-reduction  gearing  as  in  Fig. 
41.  The  high  speed  at  which  motors  run  make  this  double 
reduction  necessary  except  in  the  case  of  large  pumps.  The  only 
alternatives  are  the  use  of  a  large,  slow-speed  motor  or  a  belted 
motor,  either  of  which  would  be  cumbersome  and  expensive.  As 
to  efficiency,  probably  there  is  not  much  difference  between  the 
belted  and  the  motor-driven  types.  The  electric  method  of  trans- 
mitting power  from  the  engine  to  the  pump  will  l>e  more  econom- 
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ical  tbaii  Ix'Utng,  but  tLe  transformation  in  the  motor  and  the 
loss  in  tbo  i-\tra  Bet  of  g^ars  will  ofTset  this. 

The  flixt"*!  of  tlie  motor  can,  boweTOr,  ba  controlknl  by  a 
etartiiig  box,  or  rbeostat  in  the  field  circuit,  beiice  tbe  motor- 
driven  bas  a  considerable  advantage  over  tbe  belted  type. 


As  conijiiinil  witb  tlio  dircct-iu^ing  tyj>a  tlio  euononiy  would 
e  al>out  like  this: 


Direct-sctinE— 

Belt-driv(>n-sb 


n.sumiitiim,  nvcrnijo,  90    pounds   por  hour  ]*t 

II,  J*. 
umiilii.n  of  onKinc,  prr  B.  IL  P.  hour,  averac 
3.1  jioumls;  at  an  efHi^ionry  of  tran>- 
iiiission  tor  belting  of  70  per  cont  anil 
tor  georini;  of  85  per  cent,  thi:^  tcoulil 
require  al)Out  59  pounds  of  stt^m  ptr 
liourpcr  H.  P.delivcrod  (o  tho  |nini[> 
nnd  at  an  efficiency  of  75  |ht  rent  tnr 
tlm  pump  thi^  would  give  almut  7S 
jmunils  of  steam  p<""  hour  per  II.  P. 
of  effcttivo  work. 
Motor-ilrivoii— Kinnni  c*>nsuui]iliori  as  Ix-forn,  Sij  pounds;  efficiency  ol 
dynamo  93  por  (vent,  of  transniission 
00  ppr  cpnt,  of  motor  OT  per  cent,  of 
gearinR  72  percent,  of  pump  75  per 
cent,  gives  a  utoam  consumption  |kt 
efTcctivB  H.  P.  of  83  |>ound:i  per  hour. 

Of  conrso  with  large  units  the  efflciencieB  may  be  better,  but 
the  reliktiou  would  be  about  tbe  8»nio.  Tbe  greater  conreoience 
of  tbe  direct-acting  pump  as  to  size  and  meana  of  contrt>l,  and  tbe 
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ability  to  start  it  when  the  engine  is  not  running  have  weighed  in 
its  favor  in  the  majority  of  cases. 

For  some  few  places  a  gas  or  oil  engine  has  been  used  for 
pump  driving.  In  this  type  a  clutch  must  be  introduced  between 
the  engine  and  the  pump,  Fig.  42,  as  the  engine  will  not  start 
under  load.  The  engine  must  lirst  be  started,  then  the  pump 
thrown  on  empty  and  finally  the  valves  operated  bo  that  the  pump 
will  begin  to  work.  There  ia  no  means  of  varying  the  sjK^icd,  but 
a  regulator  ia  eornetimi'S  introduced  which  throws  out  the  clutch 
when  the  water  reaches  a  certain  height  in  thu  tank  or  reservoir 


Fig.  42. 

to  l>e  fiUetl.  This  type  is  used  only  for  such  service  as  water  sup- 
ply for  a  house  or  reservoir  system,  and  would  hardly  \ie  desirable 
elsewhere. 

To  economize  in  floor  sjwice,  the  vertical  marine  type  of  pump 
ia  used.  This  is  generally  duplex,  but  occasionally  single,  and 
except  for  the  vertical  arrangement  ia  identical  with  the  hori- 
zontal type. 

Another  special  type  ia  the  combined^x>ndeiiser  pump,  Fig. 
43,  in  which  the  eteam  cylinder  ia  placed  in  the  center  and  drives 
on  one  end  of  the  piston  rod  a  vacuum  pump  for  drawing  the  con- 
densed eteam  and  air  from  the  condenaer,  and  on  the  o^er  end  a 
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puiitji  fiir  forcinf;  tlie  cooling  water  llirougli  the  condenBer  tnbee. 
Tho  Btcaiii  i'vlindor  ia  tlie  same  as  for  any  single  pamp  except 
tliat  there  is  a  Phiffing  box  at  each  end;  the  water  end  is  the  same 
as  fur  any  piiiu{>;   but  the  air-])ump  end  has  composition  disc 


Talvi'fl  with  iin  area  nf  (ij«>niiig  larger  than  that  for  a  water 
cyliinler  of  tin*  samo  size,  and  the  sjiringa  which  close  the  valves 
are  set  at  a  less  teiisioii  than  for  water. 

Air  pumps  of  Bjt'cial  foriris  for  condensers  are  often  HBed 
combined  with  tho  comlensers;  tliey  are  driven  by  a  separotf 
engine  or  by  a  bell-crauk  lever  from  the  crosshead  of  the  main 
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engine.     The  cylinders  are  oftoii  vertical  and  siugle-acting  on  the 

lifting  principle  with  valves  in  the  top  uf  the  backet.     A  unique 

^^ad  in  soma  ways  commendable  style  is  that  of  Fig.  44  which 

^^boids  inlet  valves  and  valves  in  tlie  bucket,  yet  removes  both  air 

^Bad   the  water  of  condensation   quickly   and   effectively.     Con- 

^aensed  steam  and  air  flow  into  the  lower  n-eess  A  through  the 

jiassage  B  from  the  condenser;  as  the  piston  descends,  it  forces 

the  water  from  A  ao  that  it  shoota  up  in  tlie  direction  indicated 

by  the  dotted  lines  through  the  jiorts  p p  into  the  cylinder  (', 

The  piston  rising,  closes  jtorta  pji  and  catcliea  tlie  water  and  air 

_in  the  cylinder  forcing  them  out 

ugh  the  valves  v  in  the  top 

the  discharge  chamber   D^ 

whence   the   mixture   escajies 

ugh  the  exhaust  passage  K 

the  hot  well,  or  wherever  may 

desired. 

For  certain  uses,  such  as  keep- 
ing np  the  preasure  on  a  hy- 
draulic elevator  system,  drain. 
ing  a  pit  or  maintaining  the 
water  level  in  a  tank,  it  is  essen- 
tial to  have  an  automatic  method 
of  control  which  shall  start  and 
>pthepumpai»may be  needed. 

direct-driven  stciim  pumps  '^'     ' 

iIb  ia  accomplished  by  control  of  a  damjier  valve  or  a  quick- 
acting  gate  placed  in  the  steam  pil^  and  for  tlie  motor-driven 
pnmp  by  a  switch  on  the  starting  resistance  box.  In  the  one 
case,  a  float  is  moved  with  the  water  level,  in  the  other  a  dia- 
phragm worked  by  the  tank  pressures  actuates  a  series  of  levura 
US  eivn  in  Fig,  41  bo  as  to  work  the  steam  valve  or  switch  aa  the 
be. 


i' 


may  1 

For  high  pressures  and  high  speeds  what  is  known  as  the 
»dler  System  of  mechauically  o[)erated  valves  (Fig.  4^1)  is  foan<i 
jcially  desirable-     TIio  valve  is  of  the  poppet  ty[ie,  made  bo 

I  that  one  valve  answers  for  each  end  of  a  cylinder  and  ia 
lued  and  closed  by  &  rocking  arm  N,  turneJ  by  a  link  anil 
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driven  from  a  wrist-plate  much  as  ia  a  Corliss-engine  valve  motion. 
The  meclmnical  driving  permits  a  high  lift,  with  rapid  opening 
and  closing  at  the  end  of  the  stroke,  thus  decreasing  the  slip  and 
shock.  The  high  lift,  1  to  2  inches,  and  Urge  water  passages 
decrease  the  friction  while  the  mechanical  operation  of  the  valves 
also  allows  of  the  high  piston  speed  necessary  to  secure  economy 
in  steam  consumption. 

lit'ferriiig  to  Fig.  4ii,  the  valv«  l>ody  P  lias  on  its  lower  tatx 


I'-ifj.  4.-,. 

a  loiitlicr  sciil  S  st'oiireil  by  a  plate  O.  The  slet've  D  works  on  the 
BpiiiJle  II,  rjii.-;i'il  1iy  a  jiin  in  tho  arms  K  wliich  passes  under  the 
collar  n  and  is  lowtTrd  by  tho  pressure  of  tlio  blocks  J  on  the 
i-usliion  philu  C.  F  is  a  rubber  buffer  to  take  the  shock  incase 
nn  obstruction  gets  into  the  valvo.  Tho  arms  K  are  niounte>.l  ori 
iuid  tuiiii!<l  by  a  spindle  which  passes  through  the  bushing  C  and 
is  rotated  ly  tlio  crank  L  iind  crank  jiin  N.  One  valve  is  used  foi 
iiilut  and  one  for  outlet  on  each  cylinder,  as  seen  in  the  right-hand 
plunger  oE  Fig.  it>;  for  the  left-hand  end,  the  outlet  valve  of  the 
larger  plunger  acta  as  an  inlet  and  the  clack  valve  between  passages 
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C  and  D  acts  as  an  outlet  valve.     The  differential  type  of  pump 
hero  shown  is  used  for  high  pressures  and  to  give  a  continuous 
flow  with  few  valves;  the  cross-section  of  plunger  H.(Fig,  4C),  is 
half  that  of  J,  hence,  on  the  stroke  towards  the  left,  half  the  water 
discharged  by  J  is  thrown  into  the  small  plunger  chamber  and 
half  into  the  passage  D;  on  the  stroke  towards  the  right,  the  half 
which  entered  the  small  plunger  chamber  is  driven  into  chamber 
D  and  the  large  plunger  draws  its  full  quantity  through  tlie  suc- 
tion pipe  B.     The  large  passages  and  valves,  the  ample  discharge 
and  suction  air-chambers,  together  with  the  positive  opening  of  the 
valves,  combine  to  make  this  pump  very  efficient  and  quiet  in  run- 
ning.      However,  it  recjuires  a  large  S{)ace  in  proportion  to  its 
ca|)aeity  while  its  complexity  makes  it  expensive,  so  that  it  is 
available  only  for  large  sizes  and  in  places  where  the  space  occu- 
pied is  not  of  6j)ecial  importance. 

5TEAM  VALVES. 

The  simplest  form  of  valve  is  that  used  with  a  fly-wheel 
pump  and  which  is  moved  by  an  eccentric  as  seen  in  Fig.  37;  the 
detail  is  shown  in  Fig.  47  and  the  action  as  follows: 

With  the  valve  v  in  the  position  shown,  steam  is  flowing 
through  the  port  a'  into  the  right-hand  end  of  the  cylinder  and 
forcing  the  piston  towards  the  left;  at  the  same  time,  any  steam 
which  iiniy  be  in  the  left-hand  end  of  the  cylinder  is  driven  out 
through  tlio  port  a  into  the  exhaust  passage  b  and  thence  to  the 
exhaust  pi|)e.  If  tlie  shaft  M  be  turning  as  indicated  by  the 
arrow,  the  eccentric  e  which  is  keyed  to  it,  will  also  turn,  and 
sliding  in  the  eccentric  strap  S  will  draw  it  towards  the  right, 
and  with  it  the  valve.  When  the  eccentric  has  made  a  fourth  of 
a  nnolution  it  will  be  vertically  above  the  shaft,  and  will  have 
drawn  the  valve  over  so  that  it  covers  both  ports,  while,  at  the 
same  time  the  ])iston  will  have  moved  so  that  it  wnll  stand  at  its 
extreme  left-hand  position.  As  the  motion  continues,  the  left- 
hand  |K)rt  a,  will  be  ojKMied  to  steam  and  the  port  a'  to  exhaust, 
causing  the  ])iston  to  reverse  and  move  towards  the  right,  whicli 
will  continue  until  the  eccentric  has  moved  the  valve  to  its  extreme 
riirht-hiind  position  and  back  to  cover  both  jx)rts.  The  eccentric 
standing  directly  below  the  shaft,  the  piston  will  again  reverse  and 
start  towards  the  left,  and  the  cycle  be  repeated. 
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This  style  of  valve  is  called  the  D  valve,  and  is  much  used  for 
pumps  and  for  the  smaller  reciprocating  steam  engines.  For  the 
ordinary  pump  the  valve  is  made  so  that  when  in  mid  position 
it  just  covers  the  ports,  and  steam  will  enter  one  or  the  other  end 
of  the  cylinder,  if  the  valve  is  moved  from  that  position.  Steam 
will  then  be  admitted  full  stroke  and  work  without  expansion  in 
the  cylinder.  If  it  is  desired  to  utilize  some  part  of  the  expansive 
force  of  the  steam,  "  lap  "  must  be  added  to  the  valve  as  shown  at 
a,  Fig.  48,  so  that  the  port  maybe  closed  before  the  piston  reaches 
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Pig.  47. 

the  end  of  the  stroke;  then  the  eccentric  must  be  turned  forward 
on  the  shaft  in  the  direction  of  its  motion  in  order  that  the  valve 
may  open  by  the  time  the  piston  is  ready  to  reverse,  and  then  "  in- 
side lap,"  J,  must  be  adjusted  so  that  the  exhaust  port  will  neither 
open  too  soon,  thus  wasting  the  expansive  energy  of  the  steam,  nor 
close  too  early,  thus  causing  too  great  a  compression  of  the  steam 
caught  between  the  piston  and  the  end  of  the  cylinder. 

The  construction  is  the  same  as  for  a  simple  reciprocating 
engine,  which  indeed  it  is,  with  the  addition  of  a  pump  cylinder 
and  piston  attached  to  the  end  of  the  piston  rod. 

Another  form  of  valve  common  in  pumps  is  the  B  type,  Fig. 
49«     The  action  is  the  same  as  for  the  D  type,  except  that  steaiq 
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flows  into  the  cylinder  throngh  the  cup-shaped  cavity  in  the  valve 
instead  of  past  the  end,  and  the  motion  of  the  valve  relative  to  that 
of  the  piston  is  the  opposite  of  that  for  the  D  valve.  The  B  type 
is  adapted  for  use  with  the  steam-driven  valve  to  be  described,  but 
is  not  suited  to  be  driven  by  an  eccentric*  The  steam-driven  valve 
is  used  on  the  great  majority  of  small  single  pumps  on  account  of 
the  comj)actne8s^  light  weight  and  low  cost  and  in  spite  of  the  poor 
steam  economy.  In  a  few  of  the  first  named  pumps,  for  instance, 
the  early  Worthington,  single  ty|)e,  the  main  steam  valve  was 
moved  by  tapjx^ts  on  the  valve  rod  which  were  struck  by  an  arm 
fastened  to  the  piston  rod.  This  was  not  certain  in  its  working 
and  has  been  displaced  by  the  main  valve  moved  by  a  small  piston 


Fig.  48.  Fig.  49. 

working  in  an  auxiliary  cylinder.  Steam  is  admitted  to  this 
cylinder  by  an  auxiliary  valve  moved  by  a  tappet  or  lever  mechan- 
ism  worked  from  the  main  piston  rod. 

The  desi<^ns  of  diiferent  makers  vary  more  in  this  detail  than 
in  any  other,  and  we  shall  now  discus?  a  few  typical  examples  at 
some  lencrth. 

The  iirst  to  be  developed  was  the  Knowles,  Fig.  50.  The 
chest  ])iston  A  is  moved  by  steam  admitted  through  ports  m  and 
.?  between  tlie  end  of  the  chest  piston  and  its  cylinder,  and  carries 
with  it  tlie  nmin  stearn  valve  I>,  which  opens  and  closes  the  ports 
to  the  muin  steam  cylinder.  The  ports  xyz  and  of  y'  2\  of  the 
small  detail  view,  are  made  to  re<^ister  with  the  jH>rts  m  n  and 
///  //'  by  the  turning  of  the  chest  j)iston  by  the  tap])et  (3  driven  by 
the  rocker. bar  11  and  the  roller  K.  As  the  main  piston  reaches 
its  left-hand  ])Osition,  the  roll  E  will  lift  the  left-hand  end  of  the 
rocker  bar  and  place  the  ports  so  that  steam  is  admitted  to  the 
right  of  the  chest  j)iston  and  exhausted  from  the  left;  the  main 
valve  will  then  be  carried  to  the  position  shown  in  Fig.  50  and 
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steam  be  admitted  to  the  left-hand  end  of  the  main  steam  cylinder  in 
order  to  drive  the  main  piston  towards  the  right.  At  the  other 
end  of  the  stroke  the  operation  will  be  revereed.  The  arm  F  will 
not  strike  tappets  CI  or  D  unless  the  steam  fails  to  move  the  main 
Talve,  in  which  case  the  piston  A  would  be  driven  by  pressure  on 
the  tappets,  but  with  more,  or  less  slamming  depending  dn  th» 
speed. 


Fig.  5a 


The  third  set  of  ports  in  the  chest  piston  and  its  seat  are  to 
form  a  connevtioD  between  the  two  ends  of  the  auxiliary  cylinder 
after  the  chest  piston  has  moved  a  certain  distance  in  order  to  pre- 
sent its  striking  the  end  of  tLo  chest.  The  length  cf  stroke  can 
be  changed  by  altering  the  height  of  the  roller  E,  and  unevenness 
of  stroke  at  the  ends  can  be  remedied  by  changing  the  length  of 
the  link  L. 

An  entirely  different  style  of  valve  is  that  of  tho  Cameron 
pomp,  Fig.  51.  F  is  the  valve-plstun  which  drives  the  valve  U. 
by  means  oE  a  projection  which  sticks  up  through  the  neck  of  the 
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piston.  Tho  ends  of  th»  valve  piston  are  hollow  aa  ehown  in 
cnwB.stictiou  oF  tLa  right-liaud  end,  ami  a  Bitiall  liola  P,  at  c 
end  adioits  steam  at  FiiU  pressure  to  the  f  nda  of  tLu  cliest  c 
If  the  uiain  piston  C  19  luoring  to  the  left  fua  it  would  be  1 
the  valvo  G  in  the  jiosition  shownl,  wlit^n  it  roiiches  the  end  of  % 
stroke,  it  will  strike  the  revereing  valve  I'  and  foroo  it  ojien,  1 
allowing  the  steam  at  the  luft  of  ihu  vidve  jiistuu  to  flow  iuluj 
exhaust  jMjrt  through  the  passage  E'.  The  nU-am  at  Iha 
hand  end  of  tlie  valvo  jJitittin  will  i-xjiund,  forcing  tho  piston  I 


Fig.  5L 


the  left  and  CJirryiiig  valvu  G  willi  it,  thns  u[>ening  the  riglit.h»tiil 
end  of  the  maiu  c}-lindt>r  A  to  the  exhaust  ttiid  thi^  U^ft-hand  eij^ 
to  live  sleaiM,  wliiuh  will  reverse  tho  motion  of  the  pistoii'j 
As  tlie  valvu  |jiHlon  nitivea  to  tho  left,  it  will  coTur  and 
the  port  E'  hence  will  lie  brought  to  n-st  without  ahock  hy  } 
cushioning  of  the  endost^^l  eteain.  As  soon  as  ihe  pmton  C  Ita 
it,  the  reversing  valve  ['  will  Iw  cloaed  hy  tlie  presaun)  in  1 
passage  IC  which  is  tilled  with  live  sleaiii.  At  ihu  other  end* 
the  stroke,  the  aaino  B.-riva  of  ojH-rations  fullowa  Iiy  llio  action  i»f 
the  roveraiug  valvu  I. 
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The  valves  rpi^uiro  no  adjuatiiient  and  are  easily  bronght  to  a 
new  seat  wlit'ii  tht>y  become  worn,  by  removing  tlie  bonnets.  If 
piston  F  iMfonii-s  worn  after  long  service,  tbe  cylinder  may  be 
re-boreii  and  busbt-d  or  tbo  boles  P  may  be  drillefl  a  little  larger, 
wbieh  will  give  greiiter  jiressure  in  the  end  of  tlio  chest  cylinder 
and  keep  the  pump  working  steadily  for  a  long  time  even  witb 


Fig.  52. 


the  piston  F  considerably  worn.     II  is  a  starting  lever,  worked  by 
a  handle  outside,  for  use  in  case  the  pump  should  stop  with  the 

tve  Q  covering  both  admission  porta. 
A  third  style  of  valve  is  shown  in  Fig.  52,  that  of  Ihe  Deane 
ui  Holyoke.  In  this  the  auxiliary  valve  is  in  the  form  of  a  yoke 
surrounding  the  main  valve;  the  working-valve  seat  and  ports  for 
the  auxiliary  are  at  one  side  of  the  maln-valve  seat,  and  the  ports 
tapply  steam  to  or  exhaust  it  from  the  ends  of  the  valve-piston 
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chamber  through  openings  in  the  end  of  the  piston.  The  saxiliarj 
valve  is  moved  hy  a  valve  rod  actuated  by  tappets  and  a  series  of 
levers  from  the  main  piston  rod.  If  the  valve  piston  fails  to  move 
the  main  valve,  the  auxiliary  valve,  acting  as  a  yoke,  will  finally 
drive  the  main  valve  over,  hy  positive  action. 

A  somewhat  similar  device  is  Dsed  on  the  Dean  Bros',  pump, 
Fig.  53.  There  is,  liowever,  no  period  of  rest  of  the  auxiliary 
valve,  the  tiiotion  being  similar  to  that  given  by  an  eccentric,  and 
there  is  no  provision  for  moving  the  main  valve  other  than  by  the 
valve  piston,  because  the  positive  driving  of  the  auxiliary  valve 


Fig.  53. 

makes  this  unnecessary.  The  auxiliary  valve  F  works  on  a  seat 
O  on  tlie  siflo  of  tliu  valve-piKton  cylinder,  being  driven  by 
the  rod  A  and  thu  rocktr  arm  It  from  the  main  piston  rod  P. 
Tlie  length  of  its  stroke  can  bo  changed  hy  moving  the  pin  B  in 
the  slot  of  the  rocker  arm,  and  the  stroke  of  the  main  piston  will 
thus  be  changed,  nio  main  valve  is  of  the  J)  form  with  a  pro- 
jection from  the  top  which  is  engaged  by  the  valve  piston;  the 
ports  enter  the  cylinder,  as  in  practically  all  direct-driven  steam 
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pnmps,  at  some  distance  from  the  end;  thus  steam  will  be  caught 
to  form  a  cushion  for  the  piston  at  the  end  of  the  stroke. 

The  auxiliary  valve,  Fig.  53,  is  made  very  short  and  is  so 
arranged  that  its  ports  are  open  only  when  the  main  piston  is  near 
the  end  of  its  stroke.  Ports  b  I'  are  for  admission  of  live  steam 
and  port  c  is  for  exhaust.  All  three  ports  are  covered  by  the 
valve  except  when  near  tlie  end  of  its  travel;  then  the  groove  d  in 
the  face  of  the  valve  connects  ports  I  and  c  and  allows  the  steam 
to  exhaust  from  the  left-hand  end  of  the  valve  piston  while  port  b' 
is  uncovered  and  live  steam  is  admitted  to  the  right-hand  end;  or, 
at  the  opposite  end  of  the  stroke,  groove  cT  connect?  h*  and  c,  and  b 
is  uncovered.  This  construction  prevents  waste  of  steam  if  the 
valve  piston  becomes  worn  in  its  cylinder,  since  live  steam  is  con- 
ducted  to  that  cylinder  only  during  the  moment  of  moving  the 
piston.  The  stroke  of  the  pump  can  be  easily  regulated  and  the 
action  is  noiseless. 

A  valve  with  a  peculiar  cut-off  action  is  used  on  the  Blake 
pump.  In  this,  as  it  stands  in  Fig.  54,  steam  is  entering  the  head 
end  of  the  cylinder  through  the  ports  E  and  II,  and  is  exhausting 
from  the  crank  end  through  ports  II',  E',  K  and  M.  As  the  main 
piston  A  nears  the  crank  end  of  the  stroke,  the  valve  C  is  moved 
to  the  left  by  a  system  of  levers  similar  to  those  on  the  Deane 
pump,  which  strike  tappets  on  the  rod  P.  "WTien  this  happens  the 
lug  S  on  the  valve  C  covers  the  auxiliary  steam  port  N,  and  S'  un- 
covers  the  auxiliary  steam  port  N'  (see  plan  view),  while  the 
auxiliary  exhaust  port  Z  is  disconnected  from  X'  and  connected 
to  X,  thus  allowing  steam  to  exhaust  from  the  piston  chamber  ai 
B'  and  flow  into  that  at  B.  The  main  valve  D  will  be  carried  to 
the  right  bj  the  supplemental  piston  and  will  connect  port  E  to  K, 
leaving  E'  uncovered  for  the  entrance  of  live  steam,  and  the  main 
piston  will  be  forced  towards  the  head  end.  It  is  not  necessary  to 
provide  for  positive  mechanical  driving  of  the  main  valve,  as  live 
steam  can  always  enter  one  end  or  the  other  of  both  main  and 
supplemental  cylinders.  The  supplemental  piston  is  fitted  with 
rings  so  tliat  it  will  take  up  its  own  wear,  and  prevent  leakage  into 
the  exhaust,  while  the  motion  is  such  that  the  main  valve  has  a 
slight  lead   on   the  main  piston,  thus   admitting  live  steam  to 
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cuHhion  ihu  ktUr  nt  tlio  t-iid  of  ilg  stroko  nnj  previ'Dt  slammll 
Also,  in  OAtMi  l)io  iiiMMi  vulve  filicks,  tlie  valve  0  moves  far  enoiH 
to  admit  Biiflirii-tit  stfKin  past  tliu  end  of  tbo  mtiia  vulva  for  t 
ciiiiltinniM^  crTi-ct.    Tliif  Rupjiti'uifiUal  pittlou  cnshioQa  on  the  Bteaa 
caught  us  it  jiafiSL-fl  1*y  tliv  viitl  of  llii>  |iort  X  or  X*. 


Fig.  &L 

The  Davidson  pump,  Fig.  55,  has  but  one  ralve,  operated  by 
an  auxiliary  piston.     Tlio  tidmiBeioa  of  etoam  to   ihe  ends  of  t" 
piston  is  acumiplinbtHl  by  the  OHcillating  motion  of  Uio  i 
valvo  Itself,     This  inollon  is  caumMl  by  a  pin  turui-d  by  a 
and  oscilhiting  lovi-r  driven  from  Iho  pump  rod.     In  tha  poeiH 
ebowM,  «oam  ia  being  udraittc-d  lo  thu  cnmk  end  \ad  oxl 
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1  Hiu  head  end;  conseqiiently  tlio  piBlon  ia  moving  towHtda  Uie 
[gilt.  As  it  iieara  the  end  of  the  Btruki',  ibe  cam  C  will  rotate 
Sie  pin  P  and  jilaco  valvo  A  in  positinii  to  t-onnect  the  port  E* 
pith  tho  exliatist  chamber  while  o|tuuiijg  E  to  livu  Btcuut  as  seen 


in  the  end  view.  The  pin  D  will  then  be  driven  towards  the  left, 
carrying  with  it  the  valve  A.  Porta  E'  and  E  will  be  closed  bo 
Umt  the  niaiu  piBtoD  will  bo  cushioned  on  the  eleam  remaining  id 
the  cylinder. 
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Tlie  inovfment  of  valvo  A  to  thla  centrHl  position  opens  E'  to 
exhaust  and  E  lo  live  steam,  and  the  piston  B  W,  carrying  with  it 
valve  A,  irt  forctti  to  the  left,  opening  port  F  to  exhaust  and  i"  to 
live  stcnni,  mid  allowinir  the  main  piston  to  move  towards  the  left 
When  valve  A  is  in  a  |>osition  to  cover  both  ports  F  and  F",  either 
K  is  o|H-n  to  steam  and  E'  to  exhaust  or  vice  versa,  consetjueotlj 
tlie  pnnip  ia  ahvHvs  rendy  to  start  as  soon  as  steam  is  turned  on. 

Various  olhiT  forms  of  steam  end  have  been  used  by  differ- 
ent niakera,  but  they  work  on  practically  the  same  principles  aa 
those  lieacrilHHl,  Ik-ing  different  only  i"  details. 

The  duplex  pump,  as  already  explained,  has  two  seteof  cylin- 
ders side    by  side.      The  Bteam  valve  on  one  side  is  moved  by 


Fig.  bu 


means  of  a  valve  rod  and  lever  connected  to  the  piston  rod  on  the 
othur  sidij,  so  that  one  sido  starls  when  the  other  has  reached 
aliout  three- rptarlers  stroke.  Tho  steam  valves  are  usually  of  the 
D  form,  having  separiitu  ]H)rta  for  admission  and  exhaust  at  each 
end  as  seen  in  Fig.  DH.  In  this  figure,  valve  B  is  moved  by  rod 
C  and  lu'll-crank  lever  D,  the  hidden  end  of  whic-li  ia  driven  from 
the  farther  jiislon  mil  by  a  device  like  II,  while  the  farther  valve 
13  driven  by  the  nieker-arm  lover  G  F  E,  The  double  porta  are 
used  so  that  tlio  jiislun  may  run  ever  tlie  exhaust  port  and  clos« 
it  before  reacliing  tho  end  of  the  stroke,  thus  getting  a  steam 
cushion,  and  yet  live  steiun  iiiuy  have  a  chance  to  enter  behind  the 
piston  even  if  it  etejis  quite  at  the  end  of  its  possible  motioa.  Id 
large  sizes  (particularly  in  fire  pumps)  a  cashioD  valve  is  placed 
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Fig.  57. 


in  a  passage  connecting  the  steam  and  exhaust  ports,  so  that  the 
amount  of  by-pass  opening  between  them  may  be  adjusted,  there- 
by  regulating  the  cushioning  to  any  desired  amount. 

In  order  to  secure  the  rest  period  at  the  end  of  each  stroke, 
which  is  needed  for  quiet  running  and  small  slip,  it  is  usual  to 
introduce  a  lost-motion  device  in  the  valve-driving  mechanism. 
In  Fig.  56  this  is  the  nut  A, 
which  has  a  thickness  less  than 
the  space  between  the  lugs  on 
the  valve,  thus  preventing  the 
valve  from  being  moved  until 
the  nut  has  traveled  some  dis- 
tance. In  larger  sizes  it  is  more  common  to  use  a  single  lug  on 
the  valve;  the  rod  passes  through  this  and  the  lost  motion  is  pro- 
vided for  by  adjusting  nuts  held  fast  by  jam  nuts,  so  that  the  valve 
lug  will  have  play  between  them  as  seen  in  Fig.  57.  For  very 
large  pumps  and  pumping  engines,  lost-motion  links  are  usually 
placed  in  the  end  of  the  valve  rod,  as  seen  in  Fig.  58;  this  arrange- 
ment has  the  advantage  that  the  amount  of  lost  motion  can  be 
adjusted  without  removing  the  steam-chest  cover,  or  even,  if 
desired,  while  the  pump  is  in  motion.  It  is,  of  course,  somewhat 
more  expensive  to  construct  than  the  jam  nuts  shown  in  Fig.  57, 
hence  is  not  often  used  for  small  pumps. 

The  amount  of  lost  motion  needed  for  any  style  of  pump  can 

be  determined  only  by  trial,  but 
once  fixed  will  be  the  same  for  all 
pumps  of  a  given  style  and  size. 
Fig.  58.  jTqj.  pumps  up  to  10-inch  stroke, 

^  to  I  inch  is  usually  allowed;  for  larger  sizes  the  requirements 
call  for  i  to  1  inch. 

Compound  Pumps.  The  simple  steam  pump  must  from  the 
nature  of  its  action  take  steam  full  stroke,  hence  lias  no  possi- 
bility of  using  any  of  the  expansive  energy  in  the  steam.  In 
order  to  overcome  this  difficulty  large  pumps  are  often  com- 
pounded, and  usually  with  cylinders  arranged  tandem,  as  in  Fig. 
59,  or  with  the  smaller  cylinder  outside,  as  the  designer  may 
"•boose.     Steam  from  the  boiler  enters  the  high-pressure  steam- 
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chust  in  the  Dsual  v&j;  it  then  passes  to  the  high-pressDre 
cylinder;  from  there  it  exhauBts  through  the  side-pipe,  seeo  at  the 
back  of  the  Bteatn-ch«ats  in  Fig.  59,  to  the  low-pressore  steam. 
chest;  thence  ])asseB  into  the  low-pressnre  cylinder  and  from  it  to 
the  exlmiiet  pi[)e.  Unless  a  boiler  pressure  of  more  than  60 
pounds  is  UHe<i,  it  is  not  advantageons  to  componnd  a  pamp  run 
nou -(condensing,  as  the  saving  in  steam  will  not  pay  for  the 
increased  cost.  If  a  condenser  is  used,  compounding  may  be 
introduc^l  with  profit  for  pressures  as  low  as  50  pounds;  but  the 
added  complication  of  condenser  and  many  cyliaders  is  inadris- 


able  for  jinmjia  with  low-jiresfiui 
18x24  inchi's. 

Coinpound  pumps  are  uswl 
an  niixiliitry  vulvo  and  valve  pi: 
driven  by  tlio  method  doscriln 
pistons  iiro  on  the  Siinio  rixl,  tin 
instiiiit,  and  aru  n>iually  UH'cliariic 
same  valvo  jiiston  or  lever,  as  tlnj 
pound  is  nioro  often  used  than 
betti-r  praelico  to  HW(!  a  duplex 
tlinn  to  use  a  slnylo  ci)iii[")nrid  v 
in  coat  will  ho  nmro  than  Iialani; 


re  cylinders  smaller  than  aboni 

either  single  as  in  Fig.  60  with 
iton,  or  duplex  with  the  valvea 
■d  for  duplex  pumps.  As  the 
u  vitlves  must  move  at  the  same 
ally  connected  and  driven  by  tbe 
case  may  be.  The  duplex  com- 
the  single,  and  it  is  considered 
compound  with  smnll  cylinders 
■  itli  larger  ones,  as  the  diffen-nce 
ed  liy  the  steadiness  of  runuiiig 
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The  liigh-pressure  cylinder  takes  steam  full  stroke  so  that 
there  is  no  expansion  in  it;  at  the  opening  of  the  high-pressnre 
exhaust  the  pressure  drops  until  it  is  equalized  in  the  low-pressure 
steam-chest,  side-pipe,  high-pressure  cylinder,  and  the  clear- 
ance space  of  tlie  low-pressure  cylinder,  the  admission  to  which 
0{>ciis  at  the  same  instant  as  the  exhaust  from  the  high-pressure. 
On  the  return  stroke  of  the  jmmp,  the  steam  expands  in  passing 
from  the  high-pressure  cylinder  to  the  low-pressure,  the  action 
being  as  indicattnl  in  the  diagram.  Fig.  01,  and  the  nominal  ratio 
of  expansion  between  2  and  3.  In  the  diagram  it  is  taken  as  2.25, 
vertical  distances  being  laid  off  to  represent  pressures  and  hori- 
zontal to  represent  volumes.  The  pressure  in  the  passages  be- 
teen  cylinders  is  a  variable,  but  is  taken  as  the  value  at  the 
beginning  of  the  low-pressure  stroke.  The  back  pressure  in  the 
low-pressure  cylinder  will  be  about  2  pounds  above  that  at  the 
outlet  of  the  exhaust  pi])e,  or  17  pounds  for  a  non -condensing 
pump  and  4  j)ounds  for  one  run  condensing. 

The  action  illustrated  in  Fig.  61  is  as  follows  :  Assume  that 
we  are  dealing  with  a  pump  whose  high-pressure  cylinder  A  is  16 
inches  in  diameter  by  18  inches  stroke,  and  with  clearance  C  8 
|)er  cent  of  the  piston  displacement ;  and  whose  low-pressure 
cylinder  B  is  24  inches  in  diameter,  the  stroke  being  of  course 
the  same  as  for  the  high- pressure,  and  the  clearance  C  8  per  cent 
of  the  low-pressure  piston  displacement.  The  intermediate  space 
between  cylinders,  side-pipe  and  low-pressure  steam-chest  will  be, 
in  ] practice,  about  0.H5  the  piston  displacement  of  the  high-pressure 
cylinder.  Assume  that  the  initial  pressure  is  85  pounds  gauge  or 
100  ])()unds  absolute  and  the  back  pressure  in  the  low-pressure 
cylinder  4  ] rounds  absolute.  The  line  a  h  will  represent  the  action 
during  admission  to  the  head  end  of  the  high-pressure  cylinder, 
Eteani  being  taken  at  full  pressure  for  the  entire  stroke.  If  we 
assume  the  volume  of  the  piston  displacement  as  1,  there  will  be 
l.OS  volumes  of  steam  in  the  high -pressure  cylinder  and  clearance. 
At  the  end  of  the  stroke,  the  exhaust  through  the  side-pipe  into 
the  low-j>ressure  cylinder  will  be  0[KMied  and  the  pressure  will  fall, 
the  amount  of  the  instantaneous  drop  depending  on  the  pressure 
in  the  low-pressure  steam-chest  at  the  lime  the  high -pressure  ex- 
haust opens.     We  shall  see  that  this  will  be  about  40  pounds,  a 
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value  which  can  be  Bafely  assumed  as  a  working  basis.  When  the 
h igh- press u re  exhaust  opens,  tlie  ailniissioii  to  the  low-pressure 
cylinder  also  opens,  and  the  pressure  will  dro[) according  to  Boyle's 
law,  so  that  it  is  equalized  in  the  three  eoui[)arlmeiits. 

Tile  vohiiiie  of  the  low-pressure  cylinder  will  ho  1.5'  X  1 
=  2.25,  and  of  its  clearance  .08  X  2.25  ^  0.1«  voluuies.  Then 
the  pressure  after  drop  and  e()uali7Jitiun  is  found  thus: 

1.08  X  100=108.00      ,Q^  „^ 
.35  X  40  =   14.00     ir^._-.  76.2 

^X4     --.: .12         1-*=1 

1.61  122.72 


The  pressure  after  equali7^tioii,  76.2  pounds,  is  found  by 
multiplying  each  volume  by  the  pressure  existing  withio  it  and 
dividing  the  sum  of  the  products  by  the  sum  of  the  volumes. 

Aa  tho  pistons  return,  the  volume  io  the  high-pressure  cyliu. 
der  decreases,  that  in  the  intermediate  passages  remains  constant, 
and  that  in  the  low-pressure  cylinder  increases.  The  result  will 
be  an  expansion  according  to  the  hyperbolic  law  so  that  the  line 
showing  the  back  pressure  on  the  high-pressure  piston,  and  that 
showing  forward  pressure  on  the  low-pressure  piston,  will  indicate 
the  same  pressure  at  each  instant  of  the  stroke,  though  the  low- 
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pressure  volume  will  be  2.25  times  the  high  pressure.  At  ^ 
stroke  the  total  volume  will  be 

.08  +  .75  +  .35  +  .IS  +  (i  X  2.25)  -=  1.92  volumes, 
and  the  pressure  122.72  h-  1.92  :^()4  pounds. 

Similarly  at  i  stroke  the  ])ressure  will  be  55     pounds, 

at  \     "         «         "  '*     *'  48.3  pounds, 

at  full     "         «         «  "     "  42.9  pounds, 

and  so  on  for  otlu»r  points  so  that  the  whole  expansion  curve  may 
be  determineil.  In  practice  there  will  l)e  a  difference  of  about  one 
pound  between  the  back  pressure  in  the  small  cylinder  and  the 
forward  pressure  in  the  large  one,  due  to  the  friction  of  the  steam 
in  j)orts  and  side-pipe.  On  the  next  stroke,  the  head  end  of  the 
high-prcssure  cylinder  will  take  in  a  fresh  charge  of  steam  while 
the  crank  end  of  the  low-pressure  will  exhaust  its  steam  into  the 
condenser.  The  crank  end  of  the  small  cylinder  and  the  head  end 
of  the  larcre  one  act  together  in  the  same  manner  as  described  above, 
SO  that  the  pump  is  double-acting. 

We  are  indebted  to  a  papt*r  on  "Power  of  Compound  Pumping 
Engines,"  by  John  AV.  Hill,  published  in  JUnylucenny  Nvwh^  for 
the  proportions  given  in  Table  VIII: 


TABLE  VIII. 

Ratio  diameter  1.  j).  cylinder 

to       h.  J).        "         IJiO  l.GO  2.00 

Ili^i^h-prossure  cylindor  volume  taken  as  1.00   l.(X)   1.00 

Iligli-pn'ssiin^  rlcaranre  volume 063 .0(53 .06 

Intermediate  si)ac'0  volume 'X^ Ji39 1.12 

Lo\v-i)res.sure  cylinder  volume 2.25   2.o6   4.00 

"  "         clearance     ''       112 .128 .204 

No.  expansions  intermediate  chamber. .   1.310  —       - 1.431) 2.2r)0 

No.  expansions  1.  j).  cylinder 1.^25 2.()20 2.2.j8 

No.  exi)ansion>,  total 2.400 2.1107 5.081 

Ivatio  Mean  Ktfeetivc  j)ressure  to  (initial 

I»re>.>^ure  minus  back  pres*?ure) 0.729 0.682 0.406 

Setting  the  valves  on  a  ])uinp  is  for  the  most  ])art  a  simple 
0[)erati()ii,  and  nM|iiin*s  only  that  the  valves  shall  l>e  adjusted, 
usually  by  trial,  until  tlio  pump  makes  the  longest  stroke  possible 
without  striking  the  heads,  and  reverses  evenly  at  the  ends  of  the 
stroke. 

The  lly-wluM*!  ])unu)  is  adjusted  by  moving  the  eccentric  on 
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the  shaft  and  the  valve  on  its  stem  until  steady  running  is  secured, 
the  same  as  for  any  slide-valve  engine.  Tlie  Knowles  pump  has 
the  stroke  lengthened  by  lowering  the  roll  E,  Fig.  50,  and  short- 
ened by  raising  it;  equalization  of  reversal  is  effected  by  lengthen- 
ing or  shortening  the  link  L  as  may  be  required. 

Adjustment  of  the  Deane  pump  is  made  entirely  by  moving 
the  tappets  on  the  valve  rod;  tlie  block  A  should  be  clamped  to 
the  piston  rod  in  such  position  that  when  the  piston  is  at  mid- 
stroke  the  link  B  will  be  vertical.  With  the  valve  in  mid-position 
the  tappets  should  be  placed  so  that  they  are  equidistant  from 
each  end  of  the  sliding  collar,  and  then  adjusted  by  trial  until 
the  working  is  satisfactory.  If  the  piston  strikes  at  either  end, 
move  the  tappet  at  that  end  towards  the  collar;  if  reversal  comes 
too  soon  at  one  end,  move  the  tappet  away  from  the  sleeve  at  that 
end. 

For  the  Dean  Bros.'  pump  the  same  directions  apply  as  to  the 
Deane,  but  the  stroke  may  be  changed  by  moving  the  boltB, 
Fig.  53,  in  its  slot  without  changing  the  tappets. 

The  adjustment  of  the  Blake  valve  is  also  the  same  as  that 
for  the  Dean  Bros.',  but  the  tappets  on  the  valve  rod  should  be  so 
set  tliat  the  valve  will  have  a  little  lead  and  o])en  before  the  main 
piston  reaches  the  end  of  its  stroke.  It  has  this  lead  by  virtue  of 
the  action  previously  explained  unless  it  is  set  to  be  very  late  in 
action. 

In  the  Davidson  pump,  Fig.  55,  the  valve  is  adjusted  for 
length  of  stroke  by  moving  the  bolt  in  the  slotted  end  of  the  oscil- 
lating  arm;  shortening  the  leverage  shortens  the  stroke  and  vice 
versa.  To  equalize  trhe  reversal,  the  sleeve  which  is  clamped  to 
the  piston  ro<l  may  be  shifted  towards  the  end  at  which  it  is 
desired  to  quicken  the  reversal,  or  a  slight  a^ljustment  may  be 
made  at  the  point  where  the  oscillating  lever  is  made  fast  to  the 
rock-shaft  w^hich  drives  the  cam  C. 

For  a  single  compound  I>ump  the  valves  are  adjusted  in  the 
same  way  as  for  a  simple  pumj)  of  the  same  make.  There  is  an 
adjustment  in  the  connection  betwe(Mi  high-  and  low-  pressure 
valves,  and  this  must  be  set,  with  the  steam -chest  covers  off.  so 
that  the  main  valves  0|H*n  at  the  same  time. 

All  the  valves  of  the  duplex  pump  are  set  scjuare  so  that,  with 
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both  pistons  at  the  middle  of  the  stroke,  the  valves  will  be  in  mid- 
position,  the  rocker-arm  levers  will  be  vertical  and  the  lost  motion 
will  have  equal  play  at  each  end.  The  amount  of  lost  motion  needed, 
where  it  is  adjustable,  can  be  determined  only  by  trial,  but  gen- 
erally should  be  as  great  as  possible  without  having  the  pistons 
strike  the  heads.     This  will  give  a  long  stroke. 

For  the  large  pumping  engines  used  in  city  water-works,  the 
steam  ends  are  designed  the  same  as  for  any  steam  engine;  and  fly- 
wheels, main  shafts  and  eccentrics  are  provided  for  steadying  the 
motion,  allowing  of  expansive  working  and  operating  the  valves. 
For  such  engines  the  Corliss  valves  and  valve  motion  have  been 
most  commonly  used  in  the  United  States. 

The  arrangement 
of  the  motion  and  the 
action  of  the  valves  is 
shown  in  Fig.  62.  The 
wrist  plate  is  moved  by 

the  eccentric  through  a  

reach-rod,  rock-shaft  and  "*" 

eccentric  rod,  and  from 
it  links  run  to  cranks 
which  turn  the  rotating 
valves  in  their  seats. 
The  exhaust  valves  are 
positively   driven,  but 


Pig.  64. 


the  admission  valves  are  so  arranged  as  to  be  disconnected  from 
the  control  of  the  link  at  some  point  in  the  stroke  (depending 
on  the  position  of  the  governor)  by  a  trip  motion,  one  form  of 
which  is  shown  in  Fig.  63. 

Another  device  used  to  allow  of  expansive  working  of  steam 
in  large  pumps  is  the  hydraulic  compensator.  Fig.  64:.  The 
steam  must  work  against  the  pressure  of  the  pistons  up  to  half 
stroke,  and  is  assisted  by  it  beyond  that  j)oint,  so  that  cut-off  may 
take  place  at  half  stroke,  or  later,  and  the  energy  of  expansion  be 
used  beyond  that  point,  With  this  device,  there  is  no  shaft  or 
eccentric,  and  valves  similar  to  those  described  for  duplex  pumps 
are  used. 
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ERECTION  AND  PIPING. 

The  location  of  a  punij)  should  he  chosen  with  two  principal 
objects  in  view:  To  have  the  pump  itself  convenient  for  running, 
and  accessible  for  repairs  or  adjustment;  and  to  keep  the  piping 
as  short  and  direct  as  possible.  For  a  pump  to  which  the  liquid 
is  raised  by  suction  there  is  the  limitation  that  it  must  not  be  placed 
more  than  25  feet,  and  should  not  be  more  than  20  feet,  above  the 
source  of  supply;  but  aside  from  this,  a  matter  of  first  import- 
ance is  to  have  the  machine  where  it  will  naturally  be  kept  in  good 
condition.  Too  often  a  pump  is  placed  in  a  dark  corner  where  it 
is  never  seen,  seldom  visittHl,and  always  neglected;  it  soon  becomes 
dirty  and  leaky,  decreasing  its  efficiency  and  shortening  its  life. 
The  second  point  with  respect  to  piping  is  often  controlled  by  the 
layout  of  other  apparatus  quite  as  much  as  by  the  position  of  the 
pump  itself;  yet  by  ciireful  study  of  the  conditions  it  is  often  pos- 
sible  to  find  one  place  In^tter  than  others  for  the  pump.  It  is  of 
more  importance  to  avoid  bends  and  elbows  in  water  piping 
than  in  that  for  steam,  because  steam  makes  sharp  turns  with 
less  friction  loss  than  does  water.  If  hot  water  is  to  be  handled, 
the  water  should  flow  to  the  jmmp  by  gravity  or  under  pressure. 
Otherwise  the  water  will  turn  into  vapor  under  the  suction  force 
and  the  pump  will  draw  in  either  vapor  alone  or  a  mixture  of 
vapor  and  water. 

It  is  well  to  place  a  boilor  feed  pump  in  such  a  position  that 
the  gauge  glnss  can  bo  ^vvn  whvn  staiuliiig  at  the  ])ump,  but  this 
is  not  absoliitrly  rsHcntial,  and  should  l>u  sacrificed  if  any  gain  in 
arrangement  of  piping  or  convenience  of  attendance  can  be  securtnl 
thereby.  If  a  condenser  air-punij)  is  so  ])lact^d  that  the  wati*r 
from  the  condenser  Hows  to  it  by  gravity,  it  is  j)OSsible  to  maintain 
a  better  vacunin  in  the  condenser. 

Wherever  the  punij)  may  be  located,  a  substantial  foundation 
should  be  provided  if  tlu?  pumj)  is  of  large  size,  especially  if  it  is 
to  be  run  at  high  ;'j>ec(l.  It  is  often  sufficient  to  fasten  a  small 
j)ump  to  the  floor  or  to  heavy  brackets  secured  to  a  wall,  but  a 
pump  larger  than  a  4  X  ('*  should  have  a  separate  foundation.  In 
designing  the  found-ition,  remember  that  the  object  is  not  so  much 
to  hold  the  pump  up  as  to  hold  it  down,  to  keep  it  from  vibrating. 
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It  is,  therefore,  better  to  have  a  foundation  deep  and  narrow  than 
broad  and  shallow,  unless  the  pump  is  large  and  the  soil  very 
sandy. 

The  pump  should  be  well  bolted  to  the  foundations  in  order 
to  prevent  vibration,  as  such  movement  not  only  is  communicated 
to  the  pipe  and  thence  to  the  building,  but  tends  to  loosen  the 
joints  in  the  piping  and  the  pump  itself.  Absolute  rigidity  on  the 
foundations  should  be  secured  at  any  cost. 

The  material  may  be  stone,  brick,  or  concrete,  preferably  the 
last.  Stone  is  expensive  and  difficult  to  work;  brick  is  liable, 
unless  carefully  laid  with  cement  mortar,  to  be  loose  and  lack 
compactness;  while  concrete  is  easily  put  down,  is  inexpensive  and 
has  all  the  solidity  of  stone.  It  should  be  made  of  good  cement 
mortar,  two  parts  sand  to  one  Portland  cement,  mixed  with 
broken  stone  not  over  2  inches  in  longest  diameter,  in  equal 
parts  of  stone  and  mortar.  The  concrete  should  be  well  com- 
pacted into  a  mould  the  shape  of  the  foundation,  the  bolts  being 
built  in  with  plate-iron  washers  on  the  heads;  the  concrete  should 
be  deposited  in  layers  about  6  inches  deep  and  well  rammed,  a 
second  layer  being  added  before  the  upper  surface  has  hardened. 
This  process  is  repeated  until  the  foundation  is  completed.  It  will 
generally  be  sufficient  to  finish  the  top  with  a  surface  of  cement 
mortar  carefully  leveled  and  allowed  to  harden  before  setting  the 
pump,  but  sometimes  a  cast-iron  base-plate  is  used,  and  this  gives 
a  somewhat  neater  appearance. 

As  previously  stated,  the  piping  should  be  as  short  and 
direct  as  possible.  In  large  work,  the  water  pipe  phould  have 
long-bend  elbows  and  tees,  and  gate  valves  should  be  used  to 
reduce  the  friction.  Each  pipe  should  be  pitched  throughout  its 
length  to  one  point  bo  that  it  may  be  drained  to  avoid  freezing;  a 
drain-cock  should  be  placed  at  the  lowest  point  to  remove  the 
water.  For  water  piping,  it  is  well  to  use  galvanized  or  brass 
pipe  to  avoid  pitting  or  corrosion.  Covering  the  pipes  which 
carry  cold  water  will  prevent  sweating  and  the  consequent  unpleas- 
ant dripping. 

If  the  plant  is  one  where  a  shut-down  would  be  serious,  a 
duplicate  system  should  be  installed,  pump,  piping  and  all;  for 
any  plant  it  is  well  to  provide  an  injector  as  relay,  in  case  the 
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boiler  feed-pump  will  not  work.  In  some  cases  duplicate  piping 
is  installed,  but  this  seems  hardly  necessary,  as  piping  is  not 
likely  to  get  out  of  order  if  well  taken  care  of. 

Wherever  a  loner  column  of  water  is  to  be  moved  in  either 
suction  or  delivery  pipes,  it  is  well  to  place  a  check  valve  near  the 
lower  t»nd  of  the  column  to  resist  any  tendency  of  the  water  to 
back  up  when  the  pump  reverses  or  shuts  down.  In  the  suction 
system  this  valve  would  be  placed  on  the  inlet  end  of  the  suction 
pipe  and  is  known  as  a  foot  valve,  Fig.  65.     For  the  delivery 


Fig.  C5. 

pipe,  it  is  well  to  use  a  check  valve  near  the  outlet  from  the  pump 
and  another  near  the  end  of  the  pipe,  especially  if  pumping  against 
high  pressure.  The  check  valves  may  be  of  either  flap  or  disc 
type,  but  if  of  the  latter  they  should  have  ample  area  so  that  the 
double  turn  made  by  the  current  of  water  will  not  cause  great  loss 
of  head.  The  flap  valve  is  shown  in  Fig.  66  and  the  disc  foi-m  in 
Fig.  07.  ^ 

For  all  pumps  which  are  to  handle  water  from  ponds,  rivers 

or  other  sources  where  sticks,  leaves,  or  any 

form  of  rubbish  is  likely  to  collect,  a  strainer 

as  shown  in  Fig.  05  should  be  placed  on  the 

end  of  the  iidet  pipe.     The  combined  area  of 

tlie  openings  into  the  strainer  should  l)e  8  to 

1  times  tlie  area  of  the  pipe.     As  rubbisb 

(juicklv  collects  on  a  horizontal  strainer,  the 

purfaco  should  be  either  slanting  or  vertical, 

^^^'     '  and  slioukl  be  so  desijxned  that  the  screen 

may   bo  easily  cleansed.     The  straining  surface   should   be  fine 

or  coarso  in  mesh  according  to  the  material  to  be  screened,  and 

Uiado  of  woven  wire  or  perforated  metal  as  may  be  most  coo- 
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venient.  Often  the  foot  valve  and  Btrainer  are  combined  into  a 
single  piece.  If  the  lower  end  of  the  Buction  pipe  is  not  accessible 
for  cleaning,  and  if  the  debria  is  of  such  nature  that  it  is  likely 
to  clog  the  ojwnings,  it  will  be  better  to  use  a  design  given  by 
Barr  (see  Fig.  6S)  placed  near  the 
pump. 

The  sizes  of  pipe  needed  for 
the  suction  and  delivery  are  deter- 
mined by  the  pump  maker  and  the 
pipes  should  never  be  made  smaller 
than  these;  if  the  runs  are  long,  the  r 
pipes  may  well  be  made  larger. 

The   velocity   allowable   is,   of  [ 
coarse,  the  point  which  determines 
these  diameters.     For  the  suction, 
this  is  usually  taken  at  200  feet  per 
minute  or  less;   for  the  delivery-pipe  it  may  he  400  feet  per 
minute  or  less. 

The  suction  pipe  shoald  he  of  the  same  Bim  throughout  in 
order  to  avoid  eddies  and  changes  of  velocity.  Where  the  pipe  is 
larger  than  the  pump  connection,  the  rcdnetion  should  ho  made  by 
a  conical  pi^io  with  an  easy  tajter,  placed  iii-xt  the  pump.  The 
greatest   care   ehouM    be 


Fig.  6T. 


Fig.  68. 


taken  to  s<-e  that  all  joints 
in  the  snclion  system  are 
absolutely  tight,  as  even  a 
smull  leak  greatly  rtsduces 
tlieca|)acityandefiicii'ncv. 
The  diameters  of  jiipe 
suitable  for  direct-acting 
pum])8  are  given  in  Table 
IX,  the  snetion  velocity 


being  allowed  at  150,  and  delivering  velocity  "t  ifOO  feet  pi»r  minute. 

The  loss  in  head  depends  on  the  length  of  the  piping  and  the 
rate  of  flow  of  the  water.  Table  X  gives  the  loss  in  pounds  pres- 
sure  per  100  feet  of  pi|)e  for  various  rates  of  discharge  and  sizee 
of  pipe  as  stated  by  (i.  A.  Ellis. 

The  loss  of  bead  from  elbows  and  valves  depends  also  oa  ths 
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TABLE  IX. 

SIZES  OP  SUCTION  AND  DELIVERY  PIPES. 


Diameter 

Diameter  Suction  PiiKJ. 

Diameter  Delivery  Pipe. 

Water  Cylinder. 

Sinplo 

Duplex 

Single 

Duplex 

Pump. 
2'i  inehes 

Pump. 

Pump. 
13^'  inchejs 

Pump. 

4  inche.-' 

3»3  inches 

2^  inches 

5 

3 

4 

2          " 

3 

() 

.i«; 

5 

2^^       " 

3K       " 

7 

4';     " 

6 

3 

4          " 

8 

f) 

7 

3'i       " 

VA       - 

9 

« 

8 

4.^        u 

6 

10 

0 

8 

4*^^        « 

6          •* 

12 

7           " 

10 

5 

7 

14 

1) 

12 

6 

8 

10 

10 

14           « 

7          " 

9          « 

IR 

12 

10 

9          " 

12          •* 

20 

12 

17 

9          " 

12          •* 

Suction  veliK'ity,  1.10  feet  jht  minute. 
Delivery  veUx'ity,  l^X)  feet  per  minute. 
Piston  speed,  100  feet  per  minute. 

rato  of  flow,  mid   is   most  conveniently  referred   to  the  length  of 
pipe  \vliich  would  result  in  the  same  loss. 

The  resistance  to  flow  of  water  in  pij)e8  due  to  bends,  elbows, 
tees,  etc.,  is  stated  by  Foster  in  bis  "  Electrical  Engineer's  Pocket 
Book,"  to  be  expressed  by  the  equation: 


P-F 


V 


MA 

in  which  P  is  tlu^  loss  in  j)ressun»,  in  jxmnds  per  square  inch, 
V  tln'  velocity  of  flow  in  feet  ])er  second,  and  F  the  coefficient 
of  fricti(»n,  whicli  varies  with  the  anj^le  of  the  bend  according  to 
the  followinix  table: 

Ancrle.     2(r  45^  60^  90^  120^        135^ 

F  .():J0        .079        .158        .420        .SOG        .040 

A  frl(>l)o  valve  will  produce  the  same  loss  of  head  as  two  00- 
degive  bends,  and  a  oate  valve  a  loss  equal  to  that  from  a  45-degree 
bend. 

Tf  water  is  known  to  contain  lime  or  magnesia,  it  is  certain 
that  ])ipes  will  iill  uj)  more  or  less  from  the  deposit  of  scale,  and 
allow.ince  should  be  made  for  this  in  the  lirst  place  by  using  extra 
large  pipe. 
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In  ehooBing  the  size  of  steam  pipe  the  same  general  principle 
applies;  the  exhaust  pipe,  like  the  suction,  should  be  short,  direct, 
and  of  ample  cross -section.  A  velocity  of  6,000  feet  jier  minute 
it  allowable  in  the  steam  pi](e  and  4,000  in  the  exhaust. 

Care  should  be  taken  to  have  all  piping  which  carries  steam 
pitched  awaj  from  the  pump  to  avoid  the  collection  of  the  water 
of  condensation  in  the  steam  cylinder,  and  drips  should  be  pro- 
vided wherever  there  is  any  chance  for  water  to  collect. 

The  use  of  air  chamber  has  already  been  discussed.  They 
are  usiially  a  good  investment  if  high  speed  or  long  pijw  runs  are 
to  be  used.  The  gain  in  durability  and  saving  of  repairs  to  the 
pump  and  piping  system  will  more  than  pay  the  interest  on 
tho  small  cost  of  ample  air  chambers. 
TABLE  X. 

FRICTION  OP  WATEK  IN  PIPES. 
Friiition   liisn,  in  jwunds  prcssuro  per  r^quaro  inch,  for  each  100  feot  of 
li-nsth   of  different  siz<'S  of  ck-nn  irun  piiio  discharging  givfn  i|Uantitiet>  of 
water  iht  minute  G.  A  Ellih,  C,  E. 


QalloiK.  ,<Br 

hi/ 

so. 

-.s 

I»B 

mx« 

KT^R 

aia. 

tin. 

li 

it.. 

Ziu 

l^ 

3i» 

tia 

Oix 

81a 

i". 

S. 

i'.'. 

i..". 

in. 

i 

a'.it 

s 
11 

l.os 

11 

iir 

ii 

o.i: 

'i 

1 
ill 

5J.r, 

i 

1 

r?- 

,'...  J  1  '. , 

g 

i.ii^ 

:!  Ur 

S 

i 

o!m 

1 

■■6ii 

ii: 

ao. 

oxs 

":;■■■  1.. 

..!■ 

■  ":i,ti.i)« 

WOO 



'■" 

S 

n.SB 

1.730 

o.im 

'■cl 

7" 

- 

tTO 

SJH 

rtM»  .J  Hi" 

iM 

K-ai 

" 

la^ 

ISl 

316.;' W8.«!  733.4 

iiEi.jisa. 

86  STEAM  PUMPS 


Care  should  be  taken,  however,  that  no  pockets  are  formed  in 
the  piping  where  air  may  collect,  as  the  air  cushion  thus  formeil 
will  serve  no  useful  purjx)se,  but  will  reduce  both  the  capacity  and 
the  efficiency  of  the  pump.  The  suction  pi|)e  should  have  a  con- 
tinuous  rise  from  the  source  of  supj)ly  up  to  the  pump;  and  if  an 
inverteil  U  loop  must  be  fornu^d  in  the  delivery  piping  it  should 
have  a  j)et  cock  inserted  at  the  highest  point  so  that  whatever  air 
collects  may  escape. 

CARE. 

After  the  valves  of  a  pump  are  properly  adjusted,  the  three 
things  which  ordinarily  recpiire  care  are:  The  lubrication,  the 
packing,  and  the  draining  of  cylinders.  If  these  matters  are  care- 
fully attended  to,  the  ])unip  will  cause  very  little  trouble. 

For  the  smaller  sizes  the  steam  end  is  generally  lubricated  by 
means  of  a  grease  cup,  Mhich  is  filled  with  some  form  of  tallow 
compound.  As  the  heat  of  the  steam  melts  this  compound  grad- 
ually, it  flows  into  the  steam -chest  and  is  carried  by  the  steam  to 
the  cylinder.  For  larger  sizes,  a  regular  cylinder  oiler  is  used,  or 
sometimes  an  oil  jmmp  driven  by  a  lever  from  the  main  piston 
rod.  In  large  plants,  the  punijis  as  well  as  the  engines  are  fed 
from  a  central  tank  into  which  the  oil  is  forced  under  pressure  by 
a  single  large  oil  pump,  and  whence  it  descends  by  gravity  to  the 
various  cylinders  and  j)asses  through  sight-feed  oilers. 

The  stufliiig  box  on  the  steam  end  usually  gets  sufficient 
lubrication  from  tlio  cyliiKler,  and  the  one  on  the  water  end  gets 
watfer  enough  except  when  tlie  packing  is  set  up  hard;  then  a  little 
machine  oil  with  graphite  in  susj)ensi()n  will  help. 

In  the  case  of  the  steani-cylinder  as  for  any  other  engine, 
the  less  oil  use<l,  so  long  as  the  piston  works  quietly,  the  better. 

Flake  graphite  ])ut  into  cylinder  oil  usually  settles  to  the 
bottom  of  the  cup,  but  if  blown  into  the  steam  pipe  so  as  to  be 
carried  along  by  the  steam,  it  will  work  into  the  crevices  in  valves 
and  ])iston  rings  and  aid  materially  in  reducing  the  oil  required. 
AL^o  if  sifted  o\-er  tlie  packin<»'  when  lillintr  the  stuffincr  boxes  it 
will  reduce  the  friction  c<»n:sideral)lv. 

ft' 

For  tlio  bearings  of  valve  motions,  machine  oil  is,  of  course, 
used.  Tliese  parts  need  the  same  care  ^g  any  other  machine 
bearings. 
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The  packing  in  the  water  piston  wears  but  slowly;  neverthe- 
less  it  should  be  regularly  inspected  to  make  sure  that  there  are 
no  leaks,  as  they  would  seriously  imjjair  the  economy  of  the  pump. 
Once  in  two  months  is  not  too  often  to  examine  the  water  pistons, 
and  oftener  should  be  the  rule  if  there  is  any  reason  to  suspect 
trouble.  In  repacking,  or  in  tightening  up  either  piston  or  stuf- 
fing boxes,  there  should  be  as  little  pressure  as  possible,  above  the 
limit  to  prevent  leakage. 

The  piston  ring  packing  of  the  steam  end  will  wear  for  years 
if  pro[)erly  adjusted  and  lubricated.  An  in8j)ection  once  a  year 
is  sufficient  unless  suspicious  action  in  the  cylinder  seems  to  call 
for  an  investigation. 

Tlie  stuffing  boxes  should  be  kept  tight,  but  not  screwed  up 
so  as  to  bind.  It  pays  to  be  rather  generous  both  in  the  amount 
of  packing  used  in  a  stuffing  box  and  in  frequency  of  renewals  ; 
the  former  because  a  long  bearing  between  rod  and  packing  will 
keep  tight  with  less  pressure  than  a  short  one  ;  the  latter  because 
old,  hardened  packing  requires  a  heavy  pressure  to  force  it  to  a 
tight  joint,  and  results  in  a  large  amount  of  energy  wasted  in 
overcoming  friction.  For  stuffing  boxes,  any  good  square  packing 
will  answer,  but  the  one  on  the  w^ater  end  is  better  filled  with 
some  form  having  a  rubber  compound  for  its  main  body,  while  that 
on  the  steam  end  works  better  with  a  flax  packing,  as  the  steam 
soon  kills  the  rubber.  Stuffing  boxes  should  be  refilled  as  often 
as  twice  a  year,  if  the  pump  is  in  constant  service. 

The  valves  in  the  steam  end  have  a  sliding  bearing,  and  will 
ordinarily  wear  to  a  true  and  tight  joint.  At  the  time  of  the 
yearly  inspection,  the  head  should  be  removed,  steam  turned  on, 
and  the  valve  worked  back  and  forth  by  hand  to  mak  ^  sure  that 
no  steam  passes  into  the  cylinder  except  when  the  admission  valve 
is  pro|R^rly  oj)en.  If  the  valves  leak,  they  must  be  scraped  to  a 
bearing.  Usually  the  valve  face  is  scraped  accurately  by  using  a 
surface  plate,  and  the  seat  is  then  scraped  to  fit  the  valve. 

The  valves  in  the  water  end  may  be  reseated  by  grinding  the 
seats  and  faces  with  tools  made  for  the  purpose,  if  both  the  valves 
and  seats  are  of  metal.  If  the  valves  have  a  bearincr  surface  of 
composition,  as  is  now  the  usual  practice,  the  composition  disc  will 
wear  rather  than  the  seat,  and  the  disc  may  be  renewed  easily  and  at 
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slicrht  expense.     Some  makers  use  discs  of  soft  alloy  which  are 
more  durable  than  composition  and  also  have  its  advantages. 

In  discussing  the  subjt^ct  of  capacity,  the  matter  of  speed  was 
taken  up.  Manufacturers  conventionally  rate  their  pumps  at  100 
fet»t  per  uiinute,  but  this  is  not  a  good  basis,  and  sixty  double 
strokes  setMu  to  be  uiore  logical  for  computation.  The  object  is 
to  reduce  slip  and  prevent  pounding;  hence,  if  special  devices  are 
U8t»d  for  opening  and  closing  the  water  valves  and  to  prevent 
slamming  at  the  end  of  the  stroke,  there  is  no  reason  why  a  speed 
may  not  be  used  approaching  that  of  power  engines.  The  slip 
occurs  almost  entirely  at  the  ends  of  the  stroke  and  durintr  the 
seating  of  the  valves,  so  that  it  is  always  well  to  use  a  long  stroke 
even  though  the  diameter  be  somewhat  small. 

If  mechanically  o[)erati*d  valves  together  with  high  speed  are 
used,  ample  air  chambers  should  be  placed  on  suction  and  delivery 
systems,  as  otherwise  thtM'e  is  likely  to  be  water-hammer  due  to 
the  sudden  stoj)page  of  the  colunm  of  fluid  in  the  pipes  when  the 
valves  close. 

There  is  no  ditliculty  with  the  steam  end  in  using  high  speeds 
providtnl  the  steam  is  kfpt  free  from  water.  This  necessitates,  in 
the  case  of  large  jniiiips,  a  separator  in  the  steam  pipe  just  above 
the  pump,  to  ri'move  all  water  and  ensure  the  passage  of  none  but 
dry  steam. 

It  is  impossible  to  forewarn  against  all  difficulties  which  mav 
arise  in  nmning  a  steam  ]>nnip,  because  it  is  always  '*  something 
different"  wliicli  happens,  but  trouble  can  often  be  traced  to  cer- 
ttun  cuinmoii  faults.  Defective  valves  in  the  water  end  and 
stoppage  in  tlit^  suction  pipe  are-  the  probable  causes  for  irregular 
working  of  a  single  ])nnip.  If  the  ])ump  slams  on  one  stroke 
and  is  stea<ly  on  th(^  other,  it  may  be  that  the  discharge  valves  are 
stuck  open  on  ont^  end  eitlu^r  by  friction  or  the  lodgement  of  some 
substance  on  the  seat.  Often  a  lar  with  a  hammer  will  remedy 
this  defect,  but  it  is  advisable  to  take  off  the  valve-chamber  cover 
to  iind  tlu^  reascwi  for  tlie  sticking.  If  the  slammiutj  is  on  lK)th 
strokes,  it  is  generally  due  to  stoppage  in  the  suction  pij)e,  or,  in 
the  case  of  a  pump  newly  i'riM'te*!,  it  may  be  that  the  suction  is 
too  small.  If  tlie  latter  is  the  case,  slowing  down  will  stop  it; 
but  if  there  is  stoj)[)age,  the  pump  will  slam  at  all  speeds.     If  the 
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suction  is  small,  the  addition  of  a  suction  air  chamber  will  some- 
times be  beneficial.  Slamming  may  also  be  due  to  a  leak  in  the 
suction  system  in  either  valves  or  joints,  or  to  a  leak  in  the  piston 
packing.  Occasionally  the  springs  on  the  inlet  valves  are  too 
strong,  though  this  is  seldom  the  case.  When  starting  up,  air  in 
the  pump  may  cause  it  to  slam,  the  remedy  being,  of  course,  to 
prime  the  pump  and  suction  pipe  by  poui'ing  in  water,  and  to 
make  sure,  by  opening  the  air  cock  on  top  of  the  water  end,  that 
all  air  is  forced  out  of  the  valve  chamber. 

If  a  pump  sticks  at  the  end  of  the  stroke,  it  is  due  to  friction 
or  improper  valve  setting.  In  the  former  case,  relieving  the 
pressure  on  the  nuts  which  set  up  the  glands  to  the  stuflSng  boxes, 
until  there  is  just  enough  pressure  to  prevent  leakage,  will  over- 
come the  diflSculty.  In  the  latter  case  the  valve  motion  should  be 
so  adjusted  as  to  act  earlier  in  the  stroke,  but  it  is  best  to  keep 
the  stroke  of  the  pump  as  long  as  possible  in  order  to  reduce  the 
loss  from  clearance  in  the  steam  cylinder. 

In  starting  up,  particularly  in  cold  weather,  there  will  be 
considerable  condensation  in  the  cylinders,  and  water  will  form 
rapidly.  This  must  be  given  a  chance  to  work  its  way  out  through 
the  drips  which  should  be  left  open  until  the  pump  runs  free  and 
without  sign  of  water  in  the  steam;  the  warming  up  should  be 
done  at  slow  speed. 

If  a  cylinder  oiler  is  used  it  should  be  opened  up  a  sufficient 
time  before  the  pump  is  to  be  started,  so  that  it  may  be  ready  to 
act  immediately  when  the  pump  starts,  as  the  lubrication  is  needed 
when  the  cylinder  is  cold,  even  more  than  at  any  other  time.  It 
is  well  to  have  a  hand-forcing  oil  j)ump  connected  to  the  steam 
pipe  of  large  pumps  unless  the  feed  of  oil  is  by  a  ])08itively-driven 
pump,  so  that  in  starting  up,  or  in  case  of  emergency,  a  supply  of 
oil  may  be  ensured. 

Before  starting,  the  suction  and  outlet  valves  should  be 
inspected  to  make  sure  that  both  are  open.  If  a  start  is  made 
with  these  closed,  it  is  likely  to  bring  a  pressure  on  the  systems 
which  will  open  the  joints. 

If  the  pump  is  a  large  one  and  is  run  condensing — that  is, 
exhausting  into  a  condenser — the  condenser  should  be  put  in  oper- 
ation  first  by  starting  the  flow  of  cooling  water  and  the  air  pump. 
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When  these  are  both  working  well  and  a  good  vacuam  has  been 
established,  the  main  pump  may  be  started. 

In  closing  down,  the  lubricators  may  be  closed  a  little  before 
the  time  to  stop.  The  drips  on  the  steam  cylinder  should  be 
0|)ened  after  stopping  in  order  to  carry  off  the  condensation  from 
any  steam  which  may  remain.  The  drips  on  the  water  cylinder 
neinl  not  be  opened  unless  there  is  danger  of  freezing,  in  which 
case  the  whole  water  system  should  be  drained.  For  this  purpose 
the  piping  should  all  pitch  toward  the  pump  so  that  the  water 
may  all  be  drawn  off  at  that  point. 

In  the  duplex  tyj)e  of  pump,  unless  the  packing  be  adjusted 
with  even  pressure  on  both  sides,  the  side  on  which  the  tighter 
adjustment  is  made  is  liable  to  "  short  stroke ; "  in  fact  this  is 
usually  the  trouble  with  a  pump  which  goes  "lame"  on  one  side. 
If  the  short  stroking  is  on  one  end  only,  it  is  probably  due  to  poor 
setting  of  the  valve-motion  tappets.  Short  stroking  may  also  be 
due  to  tight  packing  on  the  water  piston,  in  which  case  it  can  be 
remedied  by  taking  out  the  packing  and  cutting  off  a  little.  This 
is  likely  to  occur  only  with  pistons  packed  with  square  packing,  as 
those  having  the  cup  leather  packing  or  piston  rings  adjust  their 
own  pressure  between  piston  and  cylinder. 

In  setting  up  a  new  pump,  it  is  important  to  blow  out  all 
pipes  before  making  the  connections,  in  order  to  make  sure  that 
no  chips  or  dirt  get  into  tlio  pump.  Unions  should  be  provided 
on  each  pi{>e  near  tlio  ])unip,  so  that,  in  case  of  suspected  stoppage 
of  the  pipe  it  c«in  bo  readily  ins|)ected. 

TESTING. 

The  power  used  by  a  pump  is  usually  so  small  an  item  in  the 
running  e\j>enso  of  a  plant,  that  a  test  is  censidered  unnecessary; 
and  also  the  6t<*ani  exhausted  is  often  used  for  heatincr  feed  water 
or  for  some  industrial  proeess.  If  this  is  possible  it  is  usually  an 
economical  way  of  running;  but  in  plants  where  many  pumps  are 
needed,  and  where  heating  feed  water  is  the  only  use  for  the 
exhaust  steam,  more  steam  will  be  available  than  can  be  used  to 
good  advantage;  this  is  esj)ecially  true  if  the  main  engines  run  non- 
condensing.     An  eeonoiuieal  jnunp  is  then  of  great  importance. 

Duty.  In  order  to  determine  the  good  or  bad  j)erformance 
of  a  pump,  it  is  necessary  to  test  it  for  eflBciency  and  slip,  the 
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test  being  known  as  a  **duty  trial."  The  duty  of  a  jnimp,  as  the 
term  descended  to  us  from  tlio  days  of  Watt's  early  pumping 
engines,  was  the  number  of  foot  j)ounds  of  work  produced 
by  100  j)ound8  of  coal.  This  is  a  convenient  basis  for  comparison 
of  engines,  but  is  not  accurate,  as  coal  varies  so  much  in  heat 
value;  also  this  method  of  reckoning  involves  the  efficiency  of  the 
boiler  as  well  as  that  of  the  ])ump.  As  an  attempt  to  eliminate 
the  latter  source  of  error  in  making  com])arisons,  a  conventional 
assum])tion  has  been  made  of  10  ])ounds  of  steam  evaporated  per 
|)Ound  of  coal;  but  this  is  really  only  the  su])stitution  of  one 
error  for  another,  for  a  pound  of  steam  when  measured  in  heat 
units  is  by  no  means  a  constant,  and  a  pound  of  coal  seldom  does 
evaporate  10  pounds  of  steam  in  actual  boiler  ])erformance. 
The  more  logical  method  of  comparison  is  by  the  duty  per 
1,000,000  heat  units  furnished  to  the  j)ump,  a  basis  proposed  by 
a  committee  of  the  American  Society  of  Mechanical  Engineers 
appointed  to  formulate  a  code  for  conducting  such  tests. 

The  duty  of  the  jmmp  is  found  by  measuring  the  quantity 
of  water  delivered  and  the  heijxht  throucrh  which  it  is  lifted,  or  its 
pressure  equivalent.     The  coal  or  steam  used  must  also  be  uieas- 

ured.     Then 

QllXlOO 

Dutv  =■- ., 

(J 

in  which  Q  =  ])0unds  of  water  delivered, 

II  =  -  liead  against  which  the  jmmp  works,  both  suction 

and  forcing,  and 

C  =  ])ounds  of  coal  burned. 

Or  on  the  new  basis. 

iiU  X  1,000,000 
Duty  . ^^ 

where  Q  and  II  are  as  before,  and  U  T  TI  is  the  heat  units  in  the 
coal  or  steam,  whichever  is  measured. 

An  inaccurate  method  of  computing  duty  is  sometimes  used, 
which  is  based  on  the  area  of  the  water  j)iston  or  plunger  and  its 
travel;  but  this  takes  no  account  of  the  slip,  which  may  in  small 
pumps  be  as  much  as  20  jht  cent;  hence  it  is  to  be  condemned. 

The  slip  is  found  by  coni])aring  the  water  actually  delivered 
with  the  total  piston  or  plunger  displacement,  for  the  time  of  the 
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test.     The  difference,  iiieasiirtHi  as  a  per  cent  of  the  piston  diB- 
placenient,  is  the  slip. 

Tlie  water  delivered  is  nieasurinl  either  by  weighing,  by  the 
use  of  calibrated  tanks,  by  a  weir,  or  by  some  form  of  meter.  One 
of  the  first  two  methods  is  best  for  small  pumps,  and  the  meter  is 
practically  the  only  means  available  for  large  ones  where  the 
delivery  is  into  a  closed  pi|)e  system.  For  the  weight  or  tank 
method,  the  arrancrement  of  Fitj.  f)t>  is  used,  one  tank  beintj  filled 
while  the  other  is  being  em])titHl,  through  a  quick  oj)ening  gate 
valve.  If  the  wattM*  is  weighiMl,  a  cc^rtain  amount  as  nearly  as  may 
be  is  run  into  the  tank  and  the  exact  weight  is  ciiutrht  after  the 
valve  is  closed  and  tht^  watt^r  is  flowincj  into  the  other  tank.  For 
calibrate<l  tanks,  the  fillinif  is  done  nearly  to  a  set  mark,  at  which 


the  capacity  of  tlu^  tank  is  known,  aii<l  the  exact  level  is  found  by 
dipping  from  tlie  secontl  lank.  Tlie  weir  can  be  used  only  where 
the  delivery  is  into  an  open  ve-^sel,  as  the  current  of  water  must  be 
made  to  flow  over  aii  open  notch  as  in  Fig.  70.  The  amount  of 
water  wliieli  jKisses  this  notch  evidently  depends  on  its  length,  and 
on  the  head  of  water  abovt^  tlu^  sill.  There  is  a  certain  contraction 
as  the  water  enters  the  notch;  l)ut  if  the  edges  are  beveled  to  a 
sliarj)  edge  up  stn^ani  as  sliown,  this  will  be  slight.  The  depth  of 
the  notch  i?hould  be  not  over  I  the  length,  and  is  better  made  con- 
sidi'rably  less,  my  from  -,\,  to  \,     The  over-fall  below  the  notch 

ft.  C  1      U  '  i 

should  be  at  least  twice  llu^  depth  of  the  notch.  The  head  of 
water  over  the  sill  should  be  measured  at  a  point  some  distance 
back  of  the  notch  in  order  to  get  a  quiet,  even  surface. 


442 


pOBUC  UBRARt  I 


STEAM  POMPS 


93 


Any  method  of  lueaBuriug  the  head  will  aaswur  which  gives 
it  accurately;  but  a  hook  gauge,  such  as  shown  in  Fig.  71,  will  give 
che  befit  reoulta.  The  reading  of  the  gauge  should  be  taken  when 
set  so  that  the  point  just  breaks  the  surface  as  it  is  brought  up 
from  below,  when  no  water  is  flowing  over  the  notch.  This  gives 
the  height  of  the  sill  from  which  to  calculate.  ^Vhen  the  water  is 
flowing  from  the  pump,  a  reading  from  the  gauge  is  again  taken 
as  tho  point  just  breaks  the  surface.  The  difference  between  the 
two  readings  ia  the  head  above  the  sill. 

The  flow,  if  there  were  no  end  coutraction,  would  be  Qi^bvh 
where  Q  is  the  cubic  feet  per  second,  5  the  length,  h  the  head  of 


water  above  the  sill,  and  v  the  velocity  ia  feet  jwr  second.    But  v  ■=■ 

■\  ^  ff  :j  the  same  as  for  falling  bodies,  7;  being  used  because  it  ia 

the  bead  of  center  of  flow.  It  has  been  found  by  experiment  that 
there  is  a  contraction  at  the  ends  and  bottom  of  an  ojiening,  due 
to  the  ia-msh  of  the  water  from  all  sides,  and  that  the  flow  will  be 
about  .62  the  theoretical  amount;  hence 


■=  .62  U  J  i/h 


but  g  is  the  acceleration  due  to  the  force  of  gravity  and  ia  et^uul 
to  32.16;  hence  .1 


3  X  y*  =  3.52  and  Q=  3.D2  M^' 
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It  is  found,  however,  that  for  accuracy  the  fornmla  must  be 
modified  to  tjike  account  of  tlie  dujitli  of  the  watar,  and  aJso  that  iLe 
coefficient  is  too  large.   Smith  gives,  in  his  Hydraulics, the  eqaation 

.      Q-.3.29(J+|)** 

which  is  accuratu  for  weirs  for  depth  A,  from  6  inches  to  2  feet 
and  with  length  J,  not  lesa  than  3/i.  For  lai^  quantities  of  water 
which  must  be  delivered  under  pressure, 

tho  Venturi  meter  is  the  most  accurate    , 

means  of  measurement.     This  is  a  pat-  \ 

ented  device  manufactured  by  the  Baild-  ^ 

era  Iron  Foundry  of  Providence,  R.  I., 
and  n-gisters  the  flow  by  means  of  a 
recording  nifchanism  driven  by  clock- 
work. Tlio  next  bt'st  device  ia  some 
form  of  rotary  water  meter,  carefully 
calibrated.  These  will  work  well  with 
cold  water,  but  are  not  to  be  relied  upon 
with  hot  water  as  the  varying  tempera- 
tures affect  tho  readluga  appreciably. 

For  methoda  of  testing  large  pump- 
ing engines,  the  student  la  referred  to  the 
rejKirt  of  the  conimittee  of  the  American 
Society  of  Mechanical  Engineers, Vol.  XI 
of  the  Transact  ions,  which  can  be  obtained 
from  tlio  Socielv  in  ])amphlet  form  at 
nominal  co^t. 

Tim  following  discussion  will  bo  confined  to  small  pumps  : 
For  a  power-driven  pump  it  is  necessary  to  measnre  tlio 
power  supplied.  If  belt-driven,  this  can  best  be  done  by  means 
of  a  transmission  dynamometer,  which  measures  the  pull  on  the 
belt.  Th.-ii  this  pull  in  pounds  times  tho  speed  of  the  belt  in  feet 
per  minute  eipiiils  the  foot  (wunds  per  minute;  and  that  quantity 
dividiKl  by  33,000  gives  tho  horse  power.  The  work  performed 
per  minute  will  be  tlio  weight  of  water  pumpi-d  jkt  minute  times 
tho  distance  through  which  tho  water  is  raised  as  indicated  by 
gauges  on  the  suclion  and  delivery  pijies  near  the  pump.  These 
heads  can  bo  derived  from  the  ordinary  pressure  gaugo  readings 
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by  the  table  on  page  9.  The  work  per  mioate  divided  by  33,000 
gives  the  delivered  borse  power.  For  a  motor-driven  pump  tbe 
power  applied  can  readily  be  obtained  by  electrical  measurement  a. 
Meaeare  the  voltage  and  ani{>eres  of  current  with  tbe  pump  carry- 
ing its  load  and  then  Voltage  X  — i^rrr. —  =IIorse  power. 


From 


an  efficiency  curve  of  tbe  motor  as  supplied  by  the  makers,  or 
obtained  by  a  dynamometer  test  of  tbe  motor,  get  the  efficiency  at 
the  horse  power  thus  found.  Multiply  the  horse  power  by  the 
efficiency  and  tbe  product  will  be  the  power  supplied  to  the  pump. 


Fig  72 
The  power  delivered  by  it  in  the  form  of  water  pumped  is  found 
by  the  same  method  as  for  the  belted  typt\ 

For  a  steam-driven  pump  it  is  necessary  to  attach  an  indi' 
cator  to  the  steam  end  in  order  to  measure  the  power  supplied  by 
tho  steam.  The  indicator  is  connected  as  shown  in  Fig.  72,  to 
register  the  pressure  in  the  cylinder  at  each  point  of  the  stroke, 
Tbe  average  of  these  pressures  is  then  found,  measuring  between 
tbe  lines  indicating  the  steam  and  exhaust  pressure  as  shown  in 
Fig.  73.  Tbe  sum  of  lines  1,  2,  3,  4,  etc.,  divided  by  the  number 
of  lines  gives  the  average  length,  and  this  multiplied  by  the 
Bcale  of  tbe  spring,  or  pounds  pressure  represented  by  an  inch  of 
height,  will  give  the  average  effective  pressure.  The  scale  of  the 
indicator  spring  is  always  found  stamped  on  the  cap  at  one  ead 
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of  it.  This  average  pressure  multiplied  by  the  area  of  the  piston 
in  square  inches,  by  the  length  of  the  stroke  in  feet  and  by  the 
number  of  double  strokes  made  per  minute,  gives  the  work  done  per 
minute  in  one  end  of  the  cylinder.  In  the  same  way  pressure 
times  area,  times  length,  times  number  of  strokes,  gives  the  work 
for  the  other  end,  and  the  sum  of  these  amounts  divided  by  33,000 
gives  the  horse  power  developed.  It  should  be  noted  that  there 
is  a  difference  between  the  areas  of  the  two  ends  of  the  piston 
owing  to  the  insertion  of  the  piston  rod  in  one  end. 

Sometimes  the  work  done  in  the  water  cylinder  is  measured 
by  using  the  indicator  in  the  same  way  as  described  for  the  steam 
end.  The  work  done  by  the  water  piston  can,  of  course,  be  found 
by  this  method;  but  there  is  nothing  to  show  whether  the  work  is 
used  in  pumping  water  or  in  slip  and  leakage,  except  that  a  slow 


Fi^'.  73.  Fig.  n. 

seating  of  the  valves  may  show  in  a  reduced  average  pressure  from 
the  diaixrani,  as  in  P'ijr.  7J:. 

To  test  tlio  leakage  past  the  piston,  one  cylinder  head  may  be 
removed  and  tlie  pump  run  single  acting,  the  water  which  |)asses 
the  ])iston  into  the  open  end  of  the  cylinder  being  caught  and 
weighed.  This  does  not,  however,  measure  the  leakage  due  to 
faulty  valves  or  seats,  and  the  only  way  this  can  be  found  is  by 
measuring  the  water  aetually  pumped. 

The  slip  is  then  found  as  follows:  Multiply  the  area  of  the 
water  piston  by  its  length  of  stroke  and  by  the  number  of  single 
strokes  if  sinjile  aetiuij,  or  double  strokes  if  double  actino- — all 
dimensions  being  taken  in  feet — to  get  the  number  of  cubic  feet 
of  water  which  would  be  pumped  yw  minute  as  obtained  by  meas- 
urement; subtract  the  water  actually  pumped  and  divide  the 
remainder  by  the  computed  volume  which  should  bo  delivered. 
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The  quotient  expressed  as  a  percentage  is  the  slip.  Slip  is  due  to 
the  leakage  past  the  piston  plunger  and  through  the  valves,  and 
the  amount  varies  with  the  condition  of  packing  and  seats  and 
with  the  promptness  of  valve  closure.  It  can  be  kept  at  a  mini- 
mum by  careful  attention  to  packings,  and  by  running  slowly  and 
steadily  to  allow  the  valves  time  to  seat. 

llie  efficiency  of  the  pump  may  be  expressed  according  to 
various  standards.  If  efficiency  as  a  machine,  or  mechanical 
efficiency,  is  desired,  it  is  found  by  dividing  the  horse  power 
utilized  in  pumping  water,  by  that  furnished  to  the  pump  by  belt, 
motor  or  steam  cylinder.  If  efficiency  of  the  water  end  is  wanted, 
it  is  found  by  subtracting  the  |)ercentage  of  slip  from  1(K).  The 
total  efficiency  is  the  mechanical  efficiency  multiplied  by  the  pump 
efficiency. 

To  find  the  "  duty  "  the  work  done  in  a  given  time  is  found 
by  one  of  the  processes  already  indicated;  the  heat  furnished  dur- 
ing that  time  is  computed  from  the  coal  burned  and  the  efficiency 
of  the  boiler,  or  better,  by  condensing  the  steam  used  in  a  surface 
condenser,  weighing  it  and  calculating  the  heat  needed  to  evap- 
orate that  amount  of  steam,  starting  with  water  at  the  temperature 
of  the  exhaust  steam.     Keduced  to  the  form  of   equations  this 

becomes : 

,>.        Foot  pounds  of  work  done. 

Heat  units  used 


1,0(K),(K)0 

Foot  pounds  work  =  weight  of  water  multiplied  by  equivalent 
head  overcome.  Heat  units  used  .  ._  Pounds  of  steam  used  X 
(total  heat  at  initial  pressure  minus  the  heat  of  the  liquid  at 
exhaust  pressure). 

The  values  inside  the  parenthesis  must  be  obtained  from 
tables  of  the  pro|>erties  of  saturated  steam,  which  are  given  in 
*'  Boiler  Accessories,"  works  on  the  steam  engine,  or  engineering 
handbooks. 

For  a  power-driven  pump  the  duty  is  found  by  the  formula  : 

-^        Foot  pounds  of  work  done. 

^        Foot  pounds  furnished  the  pump. 

778  X  1,()"0(M)00 
since  778  foot  j)Ounds  are  equivalent  to  one  heat  unit. 
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The  pressure  needed  bears  a  ratio  to  the  pressure  due  to  the 
total  head  of  lift  and  immersion  varying  from  0.77  for  compar- 
atively shallow  wells  (100  feet  or  so  deep)  yielding  large  volumes 
of  water,  to  0.62  for  wells  500  feet  in  depth  and  having  but  a 
small  flow.  Obviously  the  lowest  air  pressure  which  will  do  the 
work  is  the  most  economical,  since  any  excess  of  pressure  is  used 
up  in  producing  unnecessary  velocity  of  discharge  at  the  outlet. 

The  efficiency  increases  as  the  ratio  of  submergence  of  the 
lower  end  of  the  discharge  pipe  below  the  water-level  to  lift  above 
the  water-level  increases.  There  is  much  disagreement  as  to  the 
efficiencies  that  can  be  obtained;  but  tests  seem  to  indicate  that  an 
efficiency  ranging  from  18  per  cent  (for  a  ratio  of  1.5  submerg- 
ence to  lift)  up  to  37  per  cent  (for  a  ratio  of  2.6),  the  efficiency 
being  based  on  the  power  required  to  compress  the  air,  is  as  much 
as  can  be  expected. 

A  great  deal  depends  on  the  proper  proportioning  in  size  of 
air  pipe  to  discharge  pipe,  and  of  submergence  to  lift.  A  cross 
sectional  area  of  water  pipe  6J  times  that  of  the  air  pipe  has  been 
found  satisfactory;  and  a  submergence  of  twice  the  lift  is  com- 
mon in  practice,  though  some  tests  seem  to  indicate  that  a  ratio  of 
submergence  to  lift  of  3  to  1  would  give  better  results.  The  ratio 
should  not  in  any  case  be  less  than  1.5  to  1. 

In  this  connection  it  should  be  remembered  that  the  water- 
level  when  pumping  will  always  be  lower  than  when  at  rest,  and 
the  above  ratio  should  be  tixed  for  the  level  under  working  con- 
ditions. 

If  the  air  pipe  be  too  large,  more  air  will  be  furnished  than  is 
needed  and  the  discharge  velocity  will  be  too  great;  if  the  air  pipe 
be  too  small  the  air  bubbles  will  not  expand  sufficiently  to  fill  the 
discharge  pipe  but  will  rise  through  the  water  without  j)ushing  it 
along  upward. 

A  velocity  not  exceeding  20  feet  per  second  is  recommended 
in  the  air  pipe. 

The  machinery  necessary  for  an  air-lift  system  com{)rise8  the 
following:  an  air  compressor  of  size  sufficient  to  give  the  needed 
air  supply,  a  reservoir  large  enough  to  break  up  the  pulsations 
from  the  compressor  and  steady  the  flow,  gauges  and  valv^es  for 
regulating  the  pressure,  and  the  necessary  well  piping. 
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For  preBBTires  ap  to  60  pounds,  a  single-stage  daplex  com- 
pressor  will  answer;  for  pressures  between  60  and  300  ponnds  a 
two-stage  compresaor,  with  an  inter-cooler  between  cylinders,  will 
be  found  economical;  while  for  pressnrea  above  300  ponnds  a 
three-stage  compreesor  should  bo  used. 
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Fig.  77. 
The  supply  of  air  needed  will  vary  with  the  lift,  and  of  course 
with  the  quantity  of  water  handled.     Wm.  H.  Maxwell  gives  the 
following  equation: 

y    -QXL 
20 
where  V  =  cubic  feet  of  free  air  per  minute. 
G  =:;  cubic  feet  of  water  per  minute. 
L  =  liftof  water  in  feet. 
The  arrangement  of  air  pipes  and  discharge  pipes  is  largely 
one  of  convenience.    The  least  friction  will  be  produced  by  admit, 
tiag  the  air  to  the  bottom  of  the  discharge  pipe  as  shown  in  Fig. 
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75;  but  in  deep  wells  this  is  often  inconvenient,  and  the  air  pipe 
is  carritKl  down  inside  the  water  pipe  as  in  Fig  76. 

For  high  lifts  it  is  sometimes  convenient  to  use  multiple- 
stage  arrangements  as  shown  in  Fig.  77,  the  object  being  to  secure 
sufficient  depth  of  immersion  without  the  expense  of  drilling  a 
very  deep  hole.  Only  one  air  compressor  is  needed,  as  the  pres- 
sure can  be  controlled  by  throttling  the  valves  for  the  lower  stages 
without  serious  loss  of  economy. 

The  advantages  of  the  air-lift  system  are  its  simplicity,  its 
concentration  of  all  machinery  into  one  place  which  can  be  con. 
veniently  located,  and  its  ability  to  handle  water  containing  grit, 
stones  or  ashes  without  injury  to  the  machinery.  On  the  other 
hand  the  efficiency  is  low,  and  a  great  depth  of  well  in  proportion 
to  the  lift  is  needed.  The  air-lift  system  is  not  adapted  to  all 
classes  of  service,  but  for  handling  a  number  of  scattered  wells, 
or  a  single  deep  well  in  an  awkward  location,  it  is  simple  and 
effective. 
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Tbe  elevator  as  a  irii)derii  apjiliaiice  Imn  bi-coiiK-  a  very  iinpor- 
tiiiit  ^tor  ID  business  life.  Fifty  years  iiiro  It  wita  t'oinjiaratively 
lit  I  necessary,  and  in  the  few  iiiBtsnces  in  wliicli  it  w&a  in  nsf,  it 
was  considered  more  of  a  luxury  tbau  a  ntfcssity.  llie  earliest 
form  of  elevator  was  usfd  only  for  uiercbandist-.  and  tliw  powor 
employed  waa  derived  from  a  revolving  shaft  throuirli  tlio  medium 
of  leather  belts  runnin^r  over  pulleys.  TIte  iiitrwluction  of  steam, 
however,  as  a  sonrce  of  power  for  its  operation,  made  a  change  in 
the  speed  that  could  lie  attained,  and  enlarge)!  confidembly  its  field 
of  operation.  It  then  t)egan  to  be  used  for  [lasseugors  aa  well  as 
goods. 

EARLY  STEAM  ELEVATORS 


The  application  of  steam  fur  this  |iur|K>S('  wus  ri)u<]t^ 
ified  form,  the  engine  employed  bi-iiig  a  duiibk^  (.ylind 
with  tbe  crapks  set  at  right  angles  to  avoid 
centeriDg,  but   tbe  valve  motion  was   tbe 
priDcipal  feature  of  difference.     Of  courie, 
mftoy  experimeDts  were  trtLil  in  the  iH-gin 
ning,  but  what  we  shall  desL-rilH!  here  is 
that  form  of  valve  motion  whidi  bicame 
generally  adopted.    The  distributl  ng  \  al  \  ea 
were  of  a  special  type,  resembling   more 
tluui  knything  one  ordinary  D-valve  with 
io  tnother,  and  the  number  of  ports  in  the 
cjlinderg  were  four  eac-b;  Kos.  1  and  3  lit 
ing  the  osaal  distribnting  fwrts  carrying 
steam  to  each  end  of  the  cylinder,  and  Nos. 
2  and  4  being  used  alternately  us  steam 
and  exhaust  ports.     The  starting  and  stop- 
ping was  done  by  means  of  a  change  viilve.    '''^  '    '"-"■" 
which  alternately,  at  the  will  of  the  ojierator,  conveiicii 
latter  raeDtioned  ports  into  a  steam  supply  port  and  thi. 


I  mod- 
engine 
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tax  fxbanst.  Theae  valvi-a  —  nnt-  rliAti^j^  and  two  distnbuti: 
were  nil  tlinv  coiitiiiiiwl  within  une  eUiHni  chettt.  Nnd  tlie  preg8art> 
nf  the  ateam  from  the  boiler  was  alwavs  oii  them,  hoIdin{»  tht-i 
their  aenls.  niP  ehanip*  viilvf.  however,  was  ihe  only  ono  wbj 
o|jeiied  a  jKirt  directly  into  the  steam  chest.  The  n|ifraliQ 
these  valves  nnd  their  armngi'inent  will  l>e  readily  seen  liy  tvlo^ 
to  the  ac<'om|Miiiyiiig  illustration. 

Il  will  lie  Reeii  from  the  illustmtiun  that  will)  this  art 
iiient  of  valvea  there  could  tie  no  lap  or  lead  in  the  dietriUI 
valves  on  the  cylinder  fan's,  Ik'^ctiiieo  the  valves  had  to  act  altar- 
nately  for  steam  snpjily  and  exhaust,  and  any  lap  or  Ivad  that 
might  he  given  them  for  operation  in  one  din-ction  would  produce 
8  distorted  action  when  used  for  running  in  lliu  mtatree  direction. 
The  conBequenct"  watt  that  Ihet-tigine  of  this  lyjie  was  not  economi- 


cal  in  its  net;  of  steam;  and  while  it  wati  a  great  favorite  at  tlju 
time  of  its  introdnetion,  and  for  many  years  afli-rward  (liecausajd^ 
a  tack  of  anything  better)  it  hiu*.  einee  the  introduction  « 
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hydraulic  ami  modern  types  of  electric  elevators,  almost  t^one  out 
of  use. 

At  the  time  of  its  introduction  it  was  used  entirely  in  con- 
nection with  spur  gearing,  the  first  types  of  this  engine  being 
made  to  drive  a  pulley  on  the  crank  shaft  which  was  belted  to  a 
larger  pulley  running  in  stands  on  the  engine  bed,  the  shaft  which 
this  pulley  drove  having  on  its  end  a  spur  pinion  meshing  into  an 
internal  gear,  which  was  bolted  to  the  end  of  a  hoisting  drum  or 
spool  which  wound  up  the  cable  or  wire  rope,  to  one  end  of  which 
the  traveling  platform  or  cage  was  attached.  This  wire  rope 
passed  from  the  hoisting  drum  up  the  hatchway  and  over  grooved 
wheels  or  sheaves  at  the  top  of  hatchway  and  then  down  to  the 
cage,  and  the  change  valve,  by  means  of  which  the  steam  was  shut 
off  or  turned  into  the  engine  to  operate  it  in  either  direction,  was 
connected  to  a  wnre  rope  of  smaller  diaineter,  which  led  up  the 
hatchway  within  easy  reach  of  the  operator,  and  the  pulling  of 
this  rope  up  or  down  was  sufficient  to  start  the  elevator  in  either 
direction. 

The  amount  of  steam,  however,  under  pressure,  required  to 
operate  the  engine  when  lowering  a  load,  was  so  much  less  than 
that  needed  for  hoisting,  that  in  order  to  prevent  the  engine  from 
racing  and  lowering  at  an  undue  speed,  the  change  valve  was  al- 
ways adjusted  to  give  a  very  sinall  opening  into  the  steam  supply 
when  running  in  this  direction,  and  in  addition  to  that  a  certain 
amount  of  lap  had  to  be  given  to  the  valve  on  the  exhaust  side,  so 
as  to  choke  the  exhaust  and  thereby  retard  the  descent.  There 
was  some  danger  of  overloading  of  the  engine,  for  in  case  an  over- 
load was  placed  on  the  cage,  of  course  an  attempt  to  lift  it  would 
fail,  but  in  lowering,  especially  when  the  steam  was  shut  off 
quickly,  the  pressure  of  the  confined  steam  in  the  cylinders  would 
sometimes  exceed  that  in  the  steam  chest,  in  which  case  the  dis- 
tributing valves  on  the  cylinders  would  be  lifted  from  their  seats, 
and  where  they  were  fitted  to  work  in  a  yoke  or  buckle,  at  the  end 
of  the  valve  stem,  they  would  remain  off  the  seat,  when  once  lifted 
therefrom,  until  replaced.  There  was  nothing  then  to  hold  the 
load  but  the  brake,  and  to  obviate  this  trouble  it  was  customary  in 
many  cases  to  bolt  to  the  bottom  part  of  the  steam  chest  an  angle 
piece  fitting  closely  at  the  back  of  the  valve.     This  piece  being 
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8t.ition«iry,  and  its  vertical  side  parallel  with  the  cylinder  face,  the 
valve  vvorkeil  up  and  down  betwt*en  it  and  the  valve  seat,  and  it 
preventt^il  the  valve  from  being  raised  from  its  seat. 

The  brake  used  on  this  ty})e  of  engine  was  a  flexible  band  of 
steel,  which  was  lined  with  hard  maple  in  short  sections  and  fast- 
vmnl  to  the  band  by  screws.  A  suitable  lever  for  applying  the 
brake,  with  a  heavy  cast-iron  weight  on  the  end  of  the  lever  and 
proj)er  adjustments  for  taking  up  the  wear,  completed  the  outfit. 
The  brake  was  always  applied  by  means  of  the  weight  on  the  end 
of  the  brake  lever  and  was  released  by  means  of  a  heart-sha])ed 
cam  fastened  to  a  j)edestal  or  stand  on  the  engine  bed  and  operated 
by  the  yoke  or  automatic  stop,  which,  being  connected  to  the  oper- 
ating cable  in  the  hatchway,  before  described,  was  always  actuated 
when  the  hand  cable  was  pulUni  to  the  center  of  its  throw. 

The  pistons  of  these  engines  were  usually  very  simple  in  cx)n- 
struction;  they  consisted  of  a  disc  or  block  of  cast  iron  properly 
l>ored  and  fitttnl  to  the  piston  rod  and  turned  with  grooves  to  re- 
ceive  the  piston  rings,  which  were  then  sprung  over  the  block  into 
their  resjx^ctive  grooves.  They  were  made  slightly  eccentric,  l>eing 
thicker  on  the  side  which  was  left  uncut,  and  were  usually  turned 
little  larger  than  the  bore  of  the  cylinder.  When  they  were  cut, 
a  j)iece  had  to  be  taken  out,  leaving  a  space  of  about  -^^^  inch  lye- 
twet*n  the  cut  ends,  and  the  rings  consequently  had  to  l>e  squet^zed 
totrt'tlier  or  conipresst^d  in  order  to  enter  the  ends  of  the  cylindtT, 
and  tills  caustMl  a  constant  outward  j^ressure  of  the  piston  rin<^s. 
They  wen*  made  two  in  numlx*r;  in  some  cases  three,  and  were 
usually  from  j^  lo  ^  inch  wide. 

Owing  to  tlu^  contined  space  into  which  these  engines  had  to 
he  put  at  times,  it  bec^ime  necessary  to  reduce  them  somewhat  in 
heiirht  in  order  to  get  them  into  low  basements  when  desired. 
The  c()nset|uenee  wis  that  the  connecting  rods  were  not  always  as 
lonir  as  tin*  best  practice  would  dictate,  and  as  a  consequence  of 
this,  and  the  constant  reversing  of  the  engine,  it  was  frequently 
found  somewhat  difiicult  to  make  them  run  quiet.  Now,  how- 
ever,  with  care,  this  result  can  generally  be  attained. 

Another  cause  of  hammering  in  this  type  of  engine  was  a 
lack  of  care  on  the  part  of  the  manufacturer  to  so  proportion  the 
lentTth  of  bore  of  cylinder  as  to  allow  the  outer  piston  rings  to  just 
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])ass  over  the  end  of  the  bore  at  the  end  of  each  stroke.  This 
length  of  bore,  of  course,  was  determined  at  the  time  of  counter- 
boring  the  cylinders,  and  where  the  bore  was  so  long  that  the  pis- 
ton rings  did  not  quite  reach  the  ends  of  it,  they  would  in  time,  as 
the  bore  of  the  cylinder  enlarged  from  constant  wear,  leave  a 
shoulder  at  each  end.  Against  this  shoulder  the  rings  would 
strike  at  the  end  of  each  stroke,  and  if  the  engineer  was  not  posted 
on  this  peculiarity,  he  would  probably  try  for  months  to  get  his 
rods  to  run  perfectly  quiet  without  good  results.  The  only  remedy 
in  a  case  of  this  kind  would  be  to  take  out  the  pistons  and  file  the 
shoulders,  before  mentioned,  but  it  would  be  only  temporary.  The 
proper  way  to  get  rid  of  the  evil  entirely  would  be  to  counter  bore 
the  cylinders  a  little  more,  but  it  was  a  job  that  was  attended  with 
considerable  difficulty  with  the  engine  in  place,  hence  the  first 
method  would  be  found  most  satisfactory. 

The  cross  heads  and  guides  were  similar  to  those  of  most  en- 
gines, whether  horizontal  or  vertical,  and  differed  with  the  ideas 
and  taste  of  the  maker.  Several  different  arrangements  were  used; 
some  with  plain  straight  slides,  some  with  V-shaped;  but  the  most 
popular  was  that  of  the  bored  guides,  for  cross  heads,  using  a  bronze 
shoe  with  proper  adjustments  for  wear.  These  engines  would  often 
run  as  high  as  500  r.  p.  m.  at  full  specnl. 

One  feature  of  this  engine  which  frequently  caused  great  an- 
noyance was  the  running  off  of  the  belt  which  connected  the  pulley 
on  the  crank  or  engine  shaft  with  the  large  pulley,  before  men- 
tioned, running  on  a  shaft  in  stands  on  the  bed.  There  would 
seem  at  first  sight  to  be  no  good  reason  why  a  belt  of  this  kind 
should  not  run  well  and  in  line,  but  frequently  carelessness  in 
workmanship  was  the  cause  of  this,  for  if  the  pulleys  themselves 
were  of  equal  diameter  at  each  side,  and  the  shafts  were  not  per- 
fectly aligned  with  one  another,  it  would  cause  this  trouble;  and 
while  the  belt  might  be  adjusted  to  run  well  in  one  direction,  it 
would  run  off  the  pulley  when  the  engine  was  reversed,  there  being 
a  "tightener"  for  the  purpose  of  taking  up  the  slack  of  the  belt, 
which  could  be  adjusted  so  as  to  cause  the  belt  to  run  well  in  one 
direction.  The  distance  between  centers  of  shafts  being  short,  the 
belt  was  necessarily  short  too,  seldom  exceeding  11)  feet  in  entire 
length,  and  it  was  always  endless,  that  is,  without  seam  or  lacing. 
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The  writer  has  freijuently  seen  on  some  of  the  older  types  of  these 
engines  a  pulley  that  was  larger  on  one  side  than  the  other;  this 
also  would  cause  the  troul^lt*. 

Another  defect  in  this  engine  was  the  liability,  when  the  belt 
had  been  in  use  a  great  while  and  neglected,  for  it  to  become  dry 
and  craeked,  and  if  it  broke  either  when  lifting  or  lowering  a  heavy 
load,  there  was  a  chance  of  the  cage  falling,  there  l>eing  nothing  to 
hold  it  in  that  case  but  the  brake.  To  automatically  apply  the 
brake  and  at  the  same  time  shut  off  steam,  in  case  of  an  accident 
of  this  nature,  there  was  attached,  to  one  of  the  arms  carrying  the 
idler,  a  vertical  rod  The  lower  end  was  attached  to  the  cam  oj)er. 
ating  the  brake;  the  upper  part  of  this  rod^was  hollow  and  the 
lower  part  telescoj)ed  into  it.  A  collar  and  set  screw  on  the  lower 
rod  being  set  in  the  pro{)er  position  would  receive  the  end  of  the 
upper  rod  on  its  face,  in  case  the  belt  should  break  or  come  apart, 
for  the  great  weight  of  the  idler  pulley  would  cause  it  to  fall, 
carrying  the  arm  to  which  the  upper  part  of  this  rod  w^as  attached. 
This,  then  would  throw  the  brake  cam  around  in  the  position  to 
apj)ly  the  brake,  and  at  the  same  time  shut  off  the  steam,  thus 
stopping  the  engine  also. 

Tiiirf  pulley,  which   jK^rformed  the  double  office  of  tightener 
and  as  an  adjustment  for  the  direction  of  the  belt,  was  very  necessary, 
because  as  the  belt  stretched  from  constant  use,  this  idler,  running 
on  top  of  it,  and   being  made  very  heavy  for  the  purj)ose,  would 
take  up  tin*  slack  of  the  belt,  causing  it  to  have  greater  contact 
with  the  pulleys.     Tlu*  arms,  which  carried  the  shaft  upon  wliicb 
it  ran,  were  altacluMl  to  the  upper  ])art  of  the  engine  frame  and  ex- 
tendiMl  outwards  toward  the  rear  of  the  entrine,  and  were  of  such  a 
length  as  to  leave  the   pulley  in  the  right  position  upon   the  bel^ 
just  between  the  entwine  ])iilley  and  the  larger  pulley  in  the  stands 
on  the  engine  bed.      Sonu'times,  however,  a  sudden  stop])age  of  tin* 
engine  would  eause  this  tightener  to  jump  away  from  the  belt  an'l 
then  droj)  back  u|K)n  it,  and   this  feature  had  a  tendency  to  caii?i- 
the  belt  to  break  wlienever  it  became  weakened  in  any  part. 

To  j>revent  this  juin|>ing  of  the  idler,  which  also  had  a  bad 
elb'ct  on  the  stojiping  of  the  engine,  spiral  springs  were  sonietiiiu'i: 
attached  lo  thesi*  ai'iiis  and  carried  down  to  a  convenient  point  Ik- 
low  where  they  were  attached  either  to  the  bed  of  the  engine,  or  to 
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tilt*  wrought-iron  braces  which  stayed  the  upright  frame  to  tlie 
bed.  Tnrn  buckles  were  provided  to  give  the  springs  proper  ten- 
sion, and  this  remedied  the  difficulty  jnst  related. 

When  these  engines  were  at  rest  the  steam  chest  was  always 
full  of  steam  and  ready  at  any  nioinent  to  start  upon  the  change 
valve  being  opened  in  the  projwr  direction.  As  this  strain  chest 
radiated  considerable  heat,  there  was  always  more  or  less  water  of 
condensation  in  it,  A  drain  pipe  was  run  from  the  bottom  of  the 
steam  chest  to  a  steam  trap,  which  was  set  considerably  below  the 
level  of  the  bottom  of  steam  chest,  and  the  water  eaca|)ed  to  this 
steam  trap. 

The  automatic  stop  was  a  screw  provided  with  a  traveling  nut 
and  adjustable  set  collars.  This  screw  was  a  sleeve  which  usually 
ran  upon  a  long  stud  bolted  to  one  of  the  stands  in  which  the  larger 
pulley  shaft  ran,  and  it  was  geared  to  the  pulley  shaft  by  meane  of 


a  spur  gear  and  pinion,  wJiicb  were  su  proportioned  na  to  jrive  this 
aatomatic  screw  about  the  same  Bj)eed  as  the  drum  shaft.  The 
traveling  oDt  was  so  arranged  that  at  either  end  of  the  ruri  it  would 
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cotno  ill  L-ontact  with  tlie  set  collars,  wliicli  had  to  bn  set  just  to 
the  right  position  to  gear  with  this  traveliug  rint.  Tliey  eac-h  had 
a  tooth  which  interlockod  when  the  traveling  nut  and  collar  were 
brought  together.  By  this  means,  the  traveling  nut  was  made  to 
revolve,  and  as  it  turned,  the  automatic  yoke,  which  was  connected 
to  the  starting  lever  hy  lueaus  of  a  link  connection,  0[X!rated  the 
change  vulve  and  applied  the  brake  at  the  same  time,  thereby  stop- 
ping the  engine  at  the  limit  of  its  run.  Tiiia  end  was  also  attained 
by  means  of  stop  buttons  on  the  o|>eratii]g  cable,  which  were  made 
so  as  to  clauip  the  cable  wherever  they  were  placed  and  tightened 
up,  aiul  a  strikiT  or  arm  attached  to  the  cage  so  as  to  slide  up  and 
dowji  on  the  operating  cable  freely.  Wlienever  the  striker  came 
in  contact  with  one  of  these 
stop  buttons  it  pulled  the 
cable  the  sauie  as  the  attend- 
ant would,  and  therebv  also 
shut  off  steam  and  applied 
the  brake.  The  operations 
were  identical  in  each  case, 
except  in  the  method  of  ar- 
riving at  results.  A  pressure 
of  from  (iO  to  90  poutids  of 
steam  wu.h  usually  carried  nl 
the  Iwiler. 

The  lubrication  of  tin- 
wrist  aiLd  cross  head  pins, 
eccentric  Straps,  etc.,  was  lis 
ualiy  supplied  by  means  of 
compression  grease  cup. 
This  method  was  adopted  oit 
the  score  of  economy  and 
eleanliuesa;  the  valves  wert 
lubricated  by  means  of  a  self- 
feeding  cylinder  lubricaior. 
The  ch ief  difficulty  n'itli 
R|)i!r  gear  ty|)e  of  engine  was  that  of  low  pressure  and  orer- 
hi;tditig.  It  soini'tiincs  hHp|H'tied  that  when  there  was  no  steam 
on   the  engine  at  all,  the  car  being  left  at  one  of  the  upper  stories, 
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ail  ignorant  attendant  would  put  load  on  the  car  and  pull  the 
operating  cable.  The  brake  being  released,  the  load  would  run 
the  engine  backwards  and  run  to  the  bottom  violently.  Of 
course,  when  these  engines  and  their  peculiarities  became  well 
known,  accidents  of  this  kind  were  less  frequent,  and  taking  it 
altogether,  the  service  rendered  by  these  engines  was  invaluable. 
Being  the  most  rapid  up  to  the  time  of  their  introduction  and  for 
a  long  time  afterward,  they  were  a  favorite  for  many  years,  the 
principal  objection  to  them  being  the  cost  of  operation  in  com- 
parison w^ith  other  methods  introduced  later. 

Later  on  a  modification  of  this  engine  w^as  used  for  passenger 
service.  The  changes  consisted  of  the  use  of  a  worm  gear  in  place 
of  the  spur  gearing  just  described,  and  owing  to  the  location  of  the 
worm  shaft  it  necessitated  the  use  of  an  engine  with  the  cylinders 
inverted,  and  placed  at  the  top  of  the  engine  instead  of  below  as  in 
the  original  form.  This  arrangement  has  some  advantages  for 
passenger  work,  as  the  liability  to  run  down,  which  always  exists 
with  a  hoisting  machine  where  spur  gearing  is  used,  was  elim- 
inated. It  was  also  considered  safer  and  more  desirable  for  pas- 
senger use  on  account  of  its  smoother  action  and  the  fact  that  the 
breakage  of  one  or  two  teeth  in  the  gear  would  not  cause  the  plat- 
form to  descend  rapidly.  The  other  characteristics  of  the  engine 
were  not  changed. 

WATER  BALANCE  ELEVATOR 

Contemporary  with   this  engine,  which  attained   its  greatest 
popularity  during  the  TO's,  there  was  introduced  a  form  of  hydrau- 
lic elevator  which  at  one  time  bid  fair  to  be  a  successful  rival  of 
the  steam  engine.      It  was  called  the  water  balance  elevator.     It 
consisted  of  the  usual  cage  or  cab  in  which  the  passengers  rode,  the 
cables  necessary  for  hoisting  which  passed  up  the  top  of  the  hatch- 
way in  the  usual   manner  and  over  sheaves,  thence  down  into  a 
large  metal  tube  or  well  hole,  and  attached  to  the  other  end  of 
these  cables  was  a  large  bucket  that  nearly  filled  the  well  hole  just 
mentioned.     At  the  top  of  the  well  hole  and  above  the  highest 
]X)int  to  which  the  bucket  traveled,  there  was  a  tank  containing 
water  supplied  by  means  of  a  steam  pump.     At  the  bottom  of  the 
bucket  was  a  discharge  valve,  which  as  well  as  the  valve  at  the 
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bottom  of  the  tank  just  mentioned,  were  operated  by  means  of 
pedals  locattnl  in  the  cab. 

The  oj)erator  by  pressing  the  appropriate  pedal  with  his  foot 
would  discharge  water  into  the  bucket  from  the  tank  above.  When 
sufficient  water  had  accumulated  in  the  bucket  to  more  than  bal- 
ance the  weight  of  the  cage  and  its  occupants,  the  elevator  would 
begin  to  move,  the  water  in  the  bucket  forming  a  counterbalance 
weight  and  virtually  dropping  down  the  well  hole  dragging  the 
cage  upwards,  and  vice  versa,  when  the  water  was  allowed  to 
discharge  itself  from  the  bucket  it  would  become  lighter  than  the 
cage  and  the  cage  would  drop.  This  water  having  been  discharged 
into  a  tank  at  the  bottom  of  the  well  hole,  would  be  pumped  again 
into  the  overhead  tank. 

The  speed  of  this  elevator  was  unlimited,  and  was  governed 
entirely  by  the  use  of  a  j)owerful  brake  gripping  the  slides  or  rails 
on  which  the  cage  traveled.  This  brake  was  arranged  by  means 
of  very  strong  springs  which  always  held  the  brake  on,  and  had  to 
be  released  and  held  off  by  hand  to  obtain  any  movement  of  the 
cab  when  the  conditions  for  motion  were  right;  and  in  letting  go 
of  the  brake,  it  applied  itself  with  sufficient  power  to  stop  the 
elevator. 

This  form  of  elevator  was  found  to  be  very  expensive,  both  to 
install  ainl  ()perat(\  and  moreover,  was  dangerous  in  the  hands  of 
unskilled  men,  and  it  soon  went  out  of  favor  upon  the  introduction 
of  the  horizontal  hydranlic  elevator.  The  latter  was  originally  tlu^ 
invention  of  Williani  Armstrong,  a  man  prominent  among  mechan- 
ical enijineers  in  (ireat   Hritain. 

HORIZONTAL  HYDRAULIC  ELEVATORS 

The  tirst  elevator  of  this  ty])e  was  used  for  the  purpose  of 
hoisting  stones  from  a  (juarry  in  Yorkshire,  but  its  utility  as  an 
elevator  for  inerelianflise  was  soon  recognized  and  it  began  to  be 
used  extensively  for  this  purpose  in  that  country,  and  it  was  along 
in  tilt*  early  '70V  that  it  was  tirst  introduced  into  the  United  States. 
Tlie  ejirlier  niacin nes  of  this  type  were  usually  oj)erated  by  water 
])n*>snre  oljlainecl  from  the  eity  mains.  The  machine  consisted  of 
a  east  iron  eylinder,  the  bore  and  lent^th  of  which  varied  accord ini; 
to  surrounding  conditions,   being  ehietly  governed   by  the  water 
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pressure  available  and  the  height  of  the  building  in  which  it  was 
used.  A  piston,  fitting  closely  in  this  cylinder,  was  made  water 
tight  by  means  of  suitable  packing.  There  was  a  piston  rod  and 
cross  head  which  carried  a  set  of  traveling  sheaves,  and  a  set  of 
fixed  sheavfg.  Tlie  cross  head  traveled  on  a  track  provided  for  the 
pnrjko^,  which  acted  both  as  a  support  and  guide  for  same.  The 
cable  which  hoisted  and  lowered  the  cage,  passed  up  the  hatchway 
in  the  usual  manner  over  sheaves  at  the  top  of  same,  thence  down 
to  one  of  the  tixed  sheaves  below  on  the  end  of  the  machine,  Froiii 
there  it  passed  successively  along  under  the  machine,  arooud  ooi; 
of  the  muvahle  sheaves  on  the  cross  head,  back  to  one  of  the  fixed 
sheaves  at  end  of  machine  and  so  on  three  or  four  times,  and  tht' 
other  end  was  finally  made  fast  to  the  hydraulic  engine.  This 
arrangement  of  rope  and  sheaves  was  exactly  like  a  block  and 
tackle,  the  cage  being  attached  to  the  loose  or  running  end  of  the 


ropi'.  Now  when  water  jireswure  was  apjdied  to  the  piston,  it 
would  pull  these  sheaves  apart,  causing  the  end  of  the  cable  in  tlie 
hati'liway  to  raiw,  with  the  cage  attached,  at  a  s£>eed  much  faster 
than  ihiit  at  wliii-h  (he  piston  traveled,  the  difference  In  sjieed  In'- 
ing  governed  liy  the  iiuiiiImt  of  sheaveH  collect! vt-ly  on  the  machine, 
ior  iii,-:tanee,  if  the  cross  head  had  four  movable  sheaves  traveling 
will)  it,  mid  lit  tlio  fixed  end  of  the  machine  there  were  four  sheaves, 
the  ratio  or  dilfereuce  betwi^en  the  spt-ed  of  cage  and  that  of  the 
jiistou  would  be  8:1;  in  other  wonls,  the  cage  wouhl  trsivel  ei"!!! 
times  as  fast  as  the  piston,  and  eight  times  as  far.  The  ratios 
more  generally  used  are  from  4:1  lo  10:1,  de[)ending  on  the  spinii 
required  and  the  load  to  be  lifted.     With  this  arrangement  wheD 
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connected  to  the  city  mains,  the  water,  after  being  used,  was  w^asted 
or  allowed  to  run  to  the  sewer.  Later  on,  the  introduction  of  the 
roof  tank  permitted  water  to  be  used  over  and  over  again,  the  same 
as  in  the  water  balance  elevator.  A  still  greater  advantage  was 
gained  by  the  introduction  of  what  was  called  the  pressure  tank. 
This  was  a  modification  of  the  accumulator  so  much  used  in 
Europe  in  connection  with  hydraulic  presses,  and  consisted  of  a 
reservoir  that  was  fitted  with  a  plunger  of  largo  area,  which  worked 
vertically  through  a  tight  stuflSng  box,  and  having  on  its  end  an 
enormous  weight  or  load  of  cast  iron.  Water  being  pumped  into 
this  accumulator,  raised  the  plunger  with  its  load,  and  when  draft 
was  made  upon  it,  it  would  force  this  water  out  into  the  cylinder 
of  the  hydraulic  ram  with  a  pressure  equivalent  to  that  of  the  load 
carried. 

The  pressure  tank  was  similar  in  arrangement,  except  that  the 
compression  of  air  above  the  water  gave  the  pressure  required.  A 
cylindrical  tank  properly  braced  and  stayed  was  used,  with  inlet 
and  outlet  pipes  and  water  glass  to  show  the  height  of  water  in  the 
tank,  and  a  pressure  gauge.  Air  would  be  pumped  into  the  tank 
up  to  a  moderate  pressure,  afterwards  water  would  be  pumped  in, 
and  this  water  further  compressing  the  air,  would  produce  an  ul- 
timate pressure  of  anywhere  from  100  to  150  pounds  per  square 
inch.  The  inlet  and  outlet  pipes  for  the  water  were  directly  at 
the  bottom  of  the  tank  to  prevent  the  escape  of  any  of  the  air,  and 
when  water  w^as  drawn  off  from  this  tank  in  the  cylinder  of  the 
hydraulic  engine,  the  drop  in  pressure  would  not  be  more  than  a 
very  few  pounds,  owing  to  the  expansibility  of  the  air  above  the 
water,  about  one-third  of  the  total  contents  of  the  tank  being  air 
under  pressure. 

This  arrangement  enabled  higher  speeds  than  was  admissible 
with  the  street  main  service,  the  street  pressure  of  many  cities  be- 
ing low;  in  fact  those  having  a  high  pressure — anything  from  00 
to  100  pounds — being  rare.  Moreover  this  arrangement  had 
other  features  which  were  desirable,  the  absence  of  water  hammer 
in  the  pipes  being  one,  the  using  of  the  same  water  over  and  over 
being  another,  and  the  ability  to  have  the  most  useful  pressure  be- 
ing  a  third.     With   the  higher  j)ressure,  cylinders  of  a  smaller 
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diainettr  could  be  need,  and  conBoquently  a  lees  amount  of  vater 

aleo. 

The  operation  of  the  hydraulic  elevator  was  by  means  ot  a 

two-way  valve,  the  most  improved  tjp« 

of  which  consisted  of  a  cast  iron  cylin- 
der with  a  brass  lining,  which  was  yier- 
forated  opposite  the  openings  or  branch 
pipofl  in  the  cast  iron  body.  Inside 
this  brass  lining  was  a  plunger  with 
leather  cup  packings  held  in  position 
by  discs  of  bra^s,  which  were  eo  ar- 
raiiffed  as  to  cnt  off  the  supply  of  water 
griwhially  so  as  to  produce  nn  even  and 
gentle  stop.  Where  the  supply  was 
taken  from  the  city  niaiii  an  additionnl 
[irecuntion  was  taken  of  using  an  air 
chani)>er  on  the  supply  pijw  near  the 
o(>eniting  valve.  The  oltice  of  this  was 
to  prevent  violent  shocks  in  the  pijx' 
from  the  sudden  stoppage  of  the  Uov.* 
of  water  through  tlie  same,  causeil  ti\ 
filiiitling  tlie  o]«'raii(ig  viilvo  quicklv. 
T|je  water  in  the  main,  when  thy  valve 
was  eloMed.  would  continue  its  onwanl 
cmirwe  up  into  the  air  chatiiber,  the  air 
iii  which  being  conipresseti,  would  act 
fiiniilarly  'o  a  t^priug,  gradually  retarii- 
iiig  the  flow  of  the  watiT  and  resloriui: 
its  ecpiilibrium,  but  in  the  cape  of  tin' 
I'liiiipresiiion  tank  it  acted  uf  itself  as  ii 
...  u.ii... p.i.i .,-  I:  m™.  i..i.n.     huge  air  chamlwr. 

^'i^/'.;'"T,J."-\h"l!^,V■^''""i^ii  VtUh  the  higher  pressure-  obtuini'! 

IVli','.'  XZ''  ^A''".V.ll^'l'.''t'.'K^fI.'*■l      by  use  of  the  tank,  gri'ater  speeds  eonlil 

!;;,'): TV'.;M!'.','X.:'i'.ri''I'r'-''' "'■'''"     '"*  attainwl,  friHinently  as  high  as  3iHl 

..,'H.':;7;;^_|^M£;':c,i||n^  '•'■  ■^'*'*  ^"^'^  F""  ">"""'i'.  "'i^'i"  "-iih  tb.' 

'"""'"  ritreet    main    system  it  rarely    exceedci 

lo'f  feet  ]»-r  Uiinittf,  and  freijueiilly  was  as  low  us  iJO.      Tlie  coiti- 
pression  mid   ruuf  tunUa  were  usually  kept  supplied  with  water  liv 
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means  of  powerful  steam  pumps,  the  change  of  level  of  water  in 
the  tanks  being  made  to  automatically  turn  on*steam  or  shut  it  off. 
These  pumps,  therefore,  were  not  obliged  to  run  constantly,  but 
only  when  the  supply  of  water  in  the  tanks  became  somewhat 
depleted,  the  pumps  running  simply  long  enough  to  supply 
the  deficiency. 

When  the  higher  speeds  were  found  desirable  and  attained, 
some  better  means  of  operating  the  elevators  than  the  hand  cable 
became  a  necessity,  and  the  invention  of  the  lever  operating  de- 
vice followed.  With  it  came  the  pilot  valve.  This  was  a  small 
auxiliary  valve  attached  to  the  main  operating  valve  which  ob- 
tained its  power  from  the 
pressure  tank.  The  oper- 
ator in  the  cab  moving  his 
lever,  would  open  the  small 
pilot  valve,  which  in  turn 
admitted  water  to  a  piston 
on  the  stem  of  the  main 
operating  valve,  the  pres- 
sure of  the  water  moving 
this  piston  in  either  direc- 
tion as  desired,  and  with  it 
the  main  plunger  of  the  operating  valve.  The  pilot  valve  itself 
and  its  connection  with  the  plunger  of  the  main  operating  valve 
is  so  constructed  that  a  partial  movement  of  the  operating  lever 
would  produce  a  partial  opening  of  the  pilot  valve,  and  in  turn, 
a  partial  opening,  of  the  main  valve,  if  so  desired.  The  full 
c)[XMiing  and  closing  were  obtained  by  the  full  movement  of  the 
ojHJrating  lever. 

VERTICAL  HYDRAULIC  ELEVATORS 

The  horizontal  hydraulic  elevator  had  not  been  in  use  very 
long,  when  Mr.  (>.  W.  Baldwin,  of  New  York,  conceived  the  idea 
of  using  a  vertical  cylinder.  This  was  not  entirely  new,  as  they 
had  been  used  in  Europe,  but  not  exactly  in  the  manner  in  which 
he  proposed  to  use  his.  The  advantage  of  his  form  of  hydraulic 
elevator  was  that  it  took  up  less  room  in  the  building,  because  it 
could  be  set  up  in  the  same  hatchway  with  the  traveling  cage,  in 
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^o  Cy/fncfer 
Fig.  8.     Auxiliary  and  Operating  Valves. 
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one  corner  of  the  well  hole,  and  for  the  sake  of  economy  in  space 
it  waa  usually  made  with  a  ratio  of  from  2:1  to  4:1,  instead  of 
from  6:1  to  10:1  aa  with  the  horiEOnta]  hydraulic.  The  conse- 
quuDce  wae  that  the  cylinders  were  Deceesarily  quite  long,  though 
amaller  in  diameter  than  the  horizon- 
tal machine.  They  differed  also  from 
the  horizontal  in  the  fact  that  they  did 
not  iiee  any  guide  ways  for  the  cross 
head. 

The  cylinder  being  set  vertical 
and  a  fixed  sheave  directly  above  it, 
the  end  of  the  hoist  cables  were  made 
fast  to  a  beam  overhead  and  led  thence 
down  to  the  cross  head  and  around  the 
sheave  in  same,  and  up  again  over  the 
fixed  sheave  before  mentioned,  thence 
over  the  sheave  in  hatchway  directly 
above  cage.  This  gave  the  machine  a 
spetd  ratio  of  2  to  1,  and  the  piston 
would  travel  just  half  the  distance  of 
the  cage,  but  it  was  found  that  a  great 
lo^^s  of  pressure  occurred  at  the  begin- 
ning of  the  travel,  owing  to  the  top  of 
the  cylinder  being  eo  high  above  the 
level  uf  supply.  To  equalize  this,  the 
discharged  water  was  returned  through 
a  circulating  pipe  to  the  bottom  of  llic 
piston,  instead  of  discharging  it  into 
the  surge  tank  or  aewer  immediately 
after  it  was  used.  By  this  means  the 
weight  of  the  water  beneath  the  piston 
'■-'*'"""■  was  used  to  equalize  the  pressure,  hut 

as  this  water  beneath  the  piston  was  hold  there  by  atmospheric 
pressure  niitij  (liscliargeii,  it  was  found  that  the  length  of  the  ver- 
ticiil  cvliiniiT  could  not  be  more  than  33  feet  at  sea  level,  or  its 
e(]iiivalent  in  other  places.  This  limited  the  length  of  vertical 
cylinder  thiit  could  bo  used,  so  that  the  ratio  of  this  type  of 
machine  was  governed  somewhat  by  this. 
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But  with  all  these  machines,  both  horizontal  and  vertical, 
where  the  pressure  was  comparatively  low,  a  great  loss  of  power 
was  caused  by  the  friction  of  the  piston  in  the  cylinder,  and  the 
flow  of  the  water  through  the  pipes,  as  well  as  the  difference  in 
weight  of  the  cables,  depending  on  whether  they  were  hanging  in 
the  hatchway  on  the  side  of  the  car  or  on  that  of  the  machine. 
These  cables,  which  were  usually  four  in  number,  and  sometimes 
more  (and  generally  of  about  g  inch  diameter,  weighing  about  | 
of  a  pound  to  the  foot),  would,  when  the  car  or  cage  was  at  the  top 
of  the  hatchway  all  hang  down  towards  the  machine,  and  in  the 
case  of  a  building  say  100  feet  high  would  amount  to  over  400 
pounds.  Now  while  as  a  measure  of  economy,  it  was  desirable  to 
counterbalance  the  weight  of  the  cage,  it  could  not  be  done  very 
closely  with  this  difference  in  the  weight  of  the  cables  on  one  side 
or  the  other,  according  as  the  cage  was  at  the  lower  or  upper  land- 
ing. Hence,  some  means  of  counteracting  this  was  found  desir- 
able, and  it  was  done  by  hanging  chains  in  the  hatchway,  one  end 
of  them  being  attached  to  the  wall  of  the  hatchway  about  half  way 
up  the  run  or  travel  of  the  cage,  their  other  ends  i)eing  attached 
to  the  bottom  of  the  cage.  It  will  readily  be  seen  that  when  the 
platform  or  cage  was  down  at  the  bottom  of  the  run,  and  conse- 
quently the  cables  on  the  car  side  hanging  down  in  the  hatchway 
and  equalizing  the  weight  of  those  on  the  other  side,  the  chains 
would  be  hanging  on  the  wall,  but  that  when  the  cage  was  at  the 
top  of  the  hatchway  and  the  weight  of  the  cables  pre[)onderating 
on  the  other  side,  these  chains  would  be  hancjintr  on  the  bottom  of 
the  cage,  thus  offsetting  the  weight  of  the  cables.  I5y  this  means 
closer  counterpoising  could  l)e  obtained,  and  the  de8irai)ility  of 
this  method  of  counterpoising,  in  after  years,  when  much  taller 
buildings  came  into  existence,  may  very  readily  be  seen.  In  fact, 
it  became  quite  indispensable  in  the  case  of  buildings  of  17  or  18 
stories. 

I-Ater  on,  the  introduction  of  the  electric  elevator  and  the 
claim  made  for  its  economy  of  operation  caused  elevator  builders 
to  look  for  more  economical  methods  of  operatir'T  the  hydraulic 
elevators.  One  of  the  chief  drawbacks  to  economy  in  the  hy<lraulic 
elevator  was  the  fact  that  the  same  amount  of  water  had  to  l)e 
used  per  trip  regardless  of  the  load,  and  the  introducers  of  the 
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electric  elevators  made  the  claim  that  an  amount  of  current  pro- 
portional to  the  load  carried  was  all  that  was  used. 

The  introduction  of  the  high  pressure  water  system  in  the  city 
of  London  had  attracted  considerable  attention  in  engineering  cir- 
cles,  and  the  use  of  elevators  in  connection  therewith  had  shown 
that  a  greater  economy  was  possible  with  a  higher  pressure,  owing 
to  reduced  area  of  cylinder,  there  IxMug  less  friction  and  smaller 
consumption  of  water.  The  system  of  high  pressures  was  intro- 
duced here,  but  it  has  not  realized  all  that  was  expected  of  it. 
The  enormous  exj)ense  connected  with  the  installation  and  main- 
tenance are  the  chief  drawbacks,  but  during  the  time  that  was 
devoted  to  experimenting  with  the  high  pressure  systems,  one  or 
two  ty[K*s  of  elevators  were  evolved  that  gave  considerable  satis- 
faction, one  of  these  l>eing  that  of  using  a  vertical  cylinder  with  a 
ram,  the  weight  of  which  was  sufficient  to  lift  the  cage  with  its 
load.  The  hoisting  of  the  load,^therefore,  was  done  by  discharging 
the  water  from  the  cylinder,  and  when  the  platform  or  cage  was  to 
be  lowered  it  was  accomplished  by  turning  the  water  pressure 
against  the  end  of  the  ram  and  lifting  it.  This  ram  was  geared 
in  the  usual  manner  by  means  of  a  cross  head  and  sheaves  having 
a  ratio  of  anywhere  from  2:1  to  ():!. 

(Jther  schemes  were  devised  for  economy,  one  of  which  was 
to  have  two  or  more  tanks  at  varying  pressures,  one  tank  having 
say  loo  pounds  pressure,  a  second  150,  and  using  one  or  the  otlu*r 
according  to  the  load  to  be  lifted,  an  automatic  operating  valve 
bcMng  used  in  connection  therewith. 

Another  form  of  hydraulic  elevator,  which  has  always  been 
very  |)()pular  in  KurojR%  was  the  plunger  machine  or  ram.  This 
consisted  of  a  hollow  plunger,  which  passed  through  a  stuffing 
box  in  the  top  of  tht^  cvlinder  which  was  let  down  into  the  iiround, 
the  depth  of  same  being  the  length  of  run  from  lower  to  uppT 
landings,  tlu^  |)hitform  or  cage  being  set  on  top  of  this  ram.  When 
water  was  let  into  the  cylinder  the  pressure  of  same  atniinst  the 
bottom  end  of  the  ram  forced  it  up  out  of  the  cylinder,  and  the 
cajt/e  with  it,  to  the  top  of  the  building,  the  lowering  being  done 
by  allowing  the  water  to  afterwards  escajK*.  The  form  of  valve 
and  its  o|)eration  was  the  same  in  this  case  as  in  that  of  the  other 
types  of  hvdrauiie  elevators. 
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This  style,  of  elevator,  however,  from  the  point  of  economy 
had  one  objectionable  feature  that  waa  peculiar  to  itself,  and  which 
was  more  noticeable  in  the  higher  runs  or  upper  stories  of  build- 
ings.    The   plunger   being 
hollow,   to    insure   lightness,  /^^^\ 

had   a  certain   amount  of  l?=::roc;=j| 

buoyancy  when  wholly  iiu- 
meraed,  but  when  run  par- 
tially or  entirely  out  of  the 
cylinder,  this  buoyancy  nec- 
essarily decreased,  and  con- 
se<]Uently  the  lifting  power 
of  the  elevator  became  less 
and  leas  as  it  reached  the 
up[)er  stories  of  the  building. 
It  consequently  could  not  be 
counterbalanced  very  closely, 
because  if  that  were  dune  the 
plunger,  in  descending  to  the 
lower  story,  would  come  to  u 
point  where  it  would  stop  of 
itself  because  of  ils  inability 
to  displace  the  water  in  the 
cylinder.  This  was  a  matter 
that  entered  largely  into  the 
calculation  of  the  area  of 
plunger  when  arranging  the 
pro[>ortionB  of  cylinder  and 
plunger,  in  relation  to  the 
pressure  of  water  to  l)e  used. 

The  earlier  elevatoi's  of 
this  type  were  usually  made 
with  a    cast-iron  plunger,  ''''' 

which  as  before  stated,  was  hollow,  and 
of  cast  iron,  had  to  be  ri'-eriforced  by 
iron  roil  up  throngli  the  middle  of ■  tli 
jiwBsing  through  the  bottom  end  of  lli 
being  made  fast  to  the  door  of  the  cage. 


jwiiig  to  the  l)rittIeneM 
inning  a  heavy  wrought 
plunger,  the  lower  eiiil 
fihinger,  the  u|i|>er  end 
Without  this  the  sudden 
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o|)eiiiiig  of  the  operating  valve  would  allow  the  escape  of  water 
from  the  cylinder  for  descent,  and  when  the  cage  was  in  the  upper 
story  it  was  liable  to  cause  the  plunger  to  break  off.  Such  an 
accident  as  this  occurred  some  years  ago  in  Paris,  causing  the  loss 
of  one  or  more  lives. 

In  the  case  just  mentioned,  the  wrought  iron  rod  in  the  center 
of  the  plunger  was  absent,  its  absence  being  a  fault  in  the  design 
of  the  machine.  To-day,  however,  with  the  introduction  of  Besse- 
mer steel  tubing,  the  necessity  for  the  center  rod  does  not  exist, 
the  ends  of  the  tubes  being  threaded  internally,  and  a  male  coup- 
ling being  used  inside  the  pipe.  The  joints  in  the  cast  iron  plunger 
were  made  by  boring  out  the  ends  of  the  sections  of  the  plungers 
and  inserting  a  thimble  nicely  fitted,  which  entered  each  end  of  the 
adjacent  sections  to  a  distance  of  3  or  4  inches,  the  ends  of  the 
sections  of  the  plunger  themselves  being  faced  or  squared  off  per- 
fectly in  the  lathe,  and  the  whole  being  put  together  with  a  hy- 
draulic cement  comjwsed  of  litharge  and  red  lead  mixed  with 
boiled  linset^d  oil,  or  Japan  varnish.  These  machines  are  very 
much  in  vogue  to-day  for  short  runs,  and  despite  their  lack  of 
economy  in  o|)eration,  which  must  necessarily  exist  owing  to  the 
conditions  described,  a  company  has  within  the  past  few  years  beeu 
formed  for  the  exclusive  manufacture  of  this  stvle  of  elevator. 

PACKING  AND  LUBRICATION 

Of  course,  in  tht*  manufacture  of  all  the  styles  of  hydraulic 
elevators  hcrt^  described,  a  very  important  feature  is  the  condition 
of  the  bore  of  the  cylinders  and  the  external  diameters  of  the 
plungers.  It  is  absolutely  essential  that  both  cylinders  and  plun- 
gers shall  be  parallel  and  smooth,  any  inequalities  or  inaccuracy 
causing  a  waste  of  the  water  used  in  operating  them,  and  one  of 
the  most  essential  features  in  their  care  is  the  proper,  and  even, 
setting  up  of  the  packing,  both  in  the  glands  of  the  plunger  ma- 
chine and  in  the  piston  of  the  cylinder  machine. 

Many  forms  of  packing  have  been  devised,  the  earliest  being 
the  leather  cup,  which  is  almost  as  old  as  the  hydraulic  press,  in 
which  latter  it  proved  to  be  the  most  successful  packing  ever 
devised.  In  a  hydraulic  press,  the  ram  or  plunger  travels  a 
very  short  distance  and  very  slowly,  and  under  exceeding  great 
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pressure,  but  with  the  lower  pressures  used  in  hydraulic  elevators, 
and  with  the  greater  rapidity  and  distance  of  travel  of  the  piston, 
this  style  of  packing  was  not  found  to  be  as  long  lived  as  could  be 
desired.  Hence,  various  other  means  were  devised  to  overcome 
the  defects  found  to  exist  in  the  leather  cup.  One  of  the  best  was 
that  of  using  a  leather  cup  exactly  as  the  original,  but  smaller  than 
the  diameter  of  the  cylinder  by  an  inch  or  inch  and  a  quarter, 
and  to  fill  up  the  space  between  the  leather  cup  and  the  bore  of 
cylinder,  rings  of  ordinary  square  pump  piston  packing,  made  of 
alternate  layers  of  rubber  and  canvas,  were  used.  These  were  held 
in  place  by  means  of  a  follower  ring,  and  through  the  web  of  the 
piston  leading  directly  behind  the  leather  cup,  small  holes  were 
drilled  which  permitted  the  water  in  the  cylinder  under  pressure 
to  obtain  access  behind  the  leather.  This  pressure  forced  the 
leather  outwards  against  the  aforesaid  rings  of  piston  packing, 
pressing  them  against  the  bore  of  the  cylinder,  and  allowing  the 
passage  of  the  piston  in  a  water  tight  condition. 

This  form  of  packing  was  used  very  largely  in  the  vertical 
hydraulics,  described  above,  and  introduced  by  Mr.  Baldwin,  but 
this  form  of  elevator  had  one  great  disadvantage  over  the  horizon- 
tal type  of  machine,  in  that  both  ends  of  the  cylinder  were  closed, 
and  these  conditions  did  not  permit  of  proper  lubrication.  Hence, 
after  machines  of  this  type  had  run  a  few  years  the  cylinders  be- 
came badly  scored  or  grooved,  and  there  was  a  great  leakage  of 
wat^r  past  the  piston,  and  the  only  remedy  was  the  reboring  of 
the  cylinders.  In  many  cases,  especially  where  elevators  of  this 
type  had  been  installed  where  the  water  pressure  was  low,  the  cyl- 
inders had  been  designed  with  such  thin  metal  in  the  walls  that 
they  would  not  admit  of  reboring.  In  some  cases,  engineers  had 
tried  to  introduce  a  lubricant  in  the  water  used  to  operate  the  ele. 
vators,  but  with  no  very  marked  success. 

With  the  horizontal  machines,  however,  one  end  of  the  cylin- 
ders being  open,  lubrication  became  an  easier  problem  to  solve. 
In  these  machines,  owing  to  the  greater  diameter  of  cylinder,  the 
leather  cup  and  piston  packing  was  not  so  readily  applied  and  in 
lieu  thereof,  several  forms  of  packing  were  adopted  by  different 
makers,  each  having  his  own  particular  choice.  In  some  cases, 
plaited  hemp  was  used.     Others  used  the  square  piston  packing 


in 


22  ELEVATORS 


made  of  rubber  and  canvas  before  described.  Btill  others  used  rub- 
ber cord;  some  used  it  in  the  square  strips  and  others  round  with 
alternate  layers  of  square  piston  packing,  and  each  of  these  had 
its  own  particular  merits  and  advocates. 

The  piston  had  to  be  made  with  an  annular  space  for  the  re- 
ception of  this  packing,  so  shaped  that  the  pressure  of  the  neces- 
sary follower  ring,  which  was  essential  to  the  tightening  up  of 
the  packing,  caused  it  to  be  forced  outwards  against  the  internal 
sides  of  the  cylinder.  This  follower  ring  was  made  with  a  roomy 
groove  in  that  part  of  it  which  extended  outside  beyond  the  pack- 
ing, and  from  this  groove  extended  a  pipe  leading  out  beyond  the 
open  mouth  of  the  cylinder  to  the  cross  head  where  a  large  com- 
pression grease  cup  was  fastened  and  kept  filled  with  grease.  The 
tightening  of  a  screw  in  this  grease  cup  forced  the  grease  through 
the  pipe  into  the  groove  in  the  follower,  thereby  keeping  the  cylin- 
der constantly  lubricated  at  every  stroke,  and  to  prevent  its  escape 
through  the  open  end  of  cylinder  and  consequent  waste,  a  '*wiper" 
or  single  ring  of  packing  was  used  with  an  auxiliary  follower  ring 
to  tighten  it  up  as  required. 

There  is  a  peculiarity  about  the  lubrication  of  the  cylinders 
and  plungers  of  hydraulic  elevators  not  generally  known  to  the 
j)er9ons  in  charge  of  these  machines,  which  is  that  nothing  but 
purely  animal  oil  or  grease  will  give  |)erfect  lubrication. 

Since  the  introiluction  of  oils  and  greases  that  were  partially 
or  wholly  conijx)8ed  of  products  of  petroleum,  their  cheapness  and 
adaptal)ility  to  revolving  shafts  and  bearings  has  made  them  a 
general  favorite,  hut  however  well  adapted  they  were  for  lubrica- 
tion of  this  nature,  they  were  wholly  unfit  where  water  came  in 
contact  with  the  surface,  and  that  is  why  they  were  not  suited  for 
hydraulic  elevators.  Each  time  the  cylinder  was  tilled  with  water, 
or  when,  in  the  case  of  the  plunger  elevators,  the  plunger  became 
immersed  in  the  cylinder,  grease  or  oil  that  had  been  applied  dur- 
ing the  stroke  would  float  away  in  the  water,  leaving  the  l)ore  of 
the  cylinder  or  external  surface  of  the  plunger  entirely  bare.  To 
ohviate  this,  it  was  necessary  to  use  a  purely  animal  oil  or  grease, 
which,  being  a  better  resistant  of  water,  would  remain  on  the  me- 
tallic surface  for  several  strokes  of  the  piston  or  plunger,  as  the 
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case  might  be,  and  consequently  was  more  economical  and  more 
satisfactory. 

LIMIT  VALVES 

* 

For  limiting  the  travel  of  the  cage  to  the  upper  and  lower 
landings,  in  other  words,  to  cause  the  water  to  be  automatically 
shut  off  at  these  points  independently  of  the  efforts  of  the  operator, 
the  earlier  hydraulic  elevators  depended  entirely  on  button  stops 
on  the  operating  cable,  working  in  conjunction  with  a  striking  arm 
on  the  cage. 

In  all  elevators  it  is  the  custom,  in  putting  on  the  operating 
cable,  to  arrange  it  in  such  a  way  that  pulling  down  on  the  stand- 
ing part  of  the  cable  which  is  used  by  the  operator  causes  a  motion 
of  the  elevator  in  an  opposite  direction,  and  vice  versa.  For  in- 
stance, were  the  operator  to  pull  the  cable  down,  the  car  would 
rise.  Now  at  a  proper  place  on  this  cable  is  fastened  a  sort  of 
clamp,  being  made  in  halves  for  the  greater  convenience  in  putting 
it  on,  and  the  two  halves  being  fastened  together  with  bolts. 
When  put  in  place  on  the  cable  and  clamped  tightly  there,  it  is 
immovable  except  with  the  cable.  An  arm  of  wrought  iron  is 
fastened  to  some  convenient  part  of  the  cage  sufficiently  high  to 
be  out  of  the  way  of  the  operator,  and  this  arm  is  formed  at  one 
end  into  a  ring  which  slips  freely  over  the  operating  cable  as  the 
car  travels,  and  strikes  the  button  just  described,  on  arrival  at 
either  end  of  the  run,  moving  the  cable  exactly  as  the  operator 
would  do  it  to  the  central  or  stop  position. 

This  arrangement  worked  very  nicely  and  tilled  all  require- 
ments as  long  as  the  operating  cable  was  in  good  condition,  but  it 
was  found  in  course  of  time  that,  as  the  operating  cable  wore  or  its 
condition  deteriorated  from  any  cause  (the  principal  one  being 
dampness  in  the  pit  at  lower  landing),  it  was  liable  to  break,  and 
this  always  occurred  when  it  was  least  expected,  the  result  being 
disastrous  in  every  instance.  In  some  cases  the  piston  would 
come  out  at  the  end  of  the  cylinder,  allowing  the  water  of  the  cyK 
inder  to  escape,  causing  serious  damage,  for  it  would  continue  to 
flow  through  the  supply  pipe,  and  at  the  same  time  the  cage  would 
be  run  violently  into  the  sheaves  at  the  top  of  the  hatchway,  often 
breaking  them  and  causing  other  serious  damage,  and  in  the  case 
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of  the  plunger  elevators,  the  plunger  would  come  out  of  the  cylin- 
der, allowing  the  water  to  escape  in  like  manner. 

To  prevent  this,  various  expedients  were  devised,  among 
them  being  the  limit  valve.  This  was  an  auxiliary  valve  placed 
between  the  operating  valve  and  the  cylinder,  and  was  so  arranged 
in  the  case  of  the  horizontal  hydraulic  elevator  that  cams  attached 
to  the  piston  rod  at  either  end — one  near  the  cross  head  and  an- 
other near  the  piston — would  engage  an  arm  on  a  rock  shaft, 
moving  the  arm  so  as  to  cause  it  to  close  the  limit  valve,  and 
thereby  prevent  the  ingress  or  egress  of  water  to  or  from  the 
cylinder  according  as  the  cage  was  at  the  upper  or  lower  limit  of 
its  run.  The  earlier  forms  of  these  valves  were  made  single  acting, 
that  is  to  say,  they  simply  closed  the  pipe  between  the  operating 
valve  and  cylinder,  and  they  were  so  arranged  that  they  did  not 
entirely  close  it  unless  the  car  went  a  few  inches  beyond  the  land- 
ing in  either  direction.  When  this  occurred,  the  valve  had  to  be 
opened  by  hand  in  order  to  give  the  cage  headway  in  the  opposite 
direction,  and  this  was  found  to  be  a  decided  disadvantage. 

Then  another  form  of  valve  was  devised  of  the  two-way  type, 
taking  water  through  one  passage  from  the  operating  valve  for 
hoisting,  and  discharging  it  through  another  from  the  cylinder 
through  the  oj)erating  valve  also,  thus  giving  the  operating  valve 
control  of  the  water  at  all  points,  excepting  the  up{)er  and  lower 
limits  of  the  run.  With  this  arrangement  it  was  possible  to  run 
down  or  up  to  the  extreme  limit,  allowing  the  limit  valves  to  take 
care  of  the  stops  at  either  end,  because  in  this  case  when  the  limit 
valve  shut  off  the  supply  of  water  for  hoisting  at  the  upper  land- 
ing, it  left  the  opiMiing  for  lowering  still  open  and  vice  versa. 

This  form  of  limit  valve  proved  all  that  was  required  of  it, 
but  even  it  was  liable  to  derangement,  so  to  overcome  these ditiicul- 
ties  and  to  make  it  simply  impossible  for  the  elevator  to  run  be- 
yond its  limit,  more  care  was  taken  with  having  the  evlinders  of 
the  exact  length  recjuired  for  the  run,  plus  the  length  of  the  piston, 
and  across  the  open  end  of  the  cylinder  and  spanning  the  piston 
rod,  which  was  allowed  to  pass  freely  through  it,  was  a  very  heavy 
bar  of  cast  iron,  which  projected  some  inches  beyond  the  outer 
diameter  of  the  cylinder.  Similar  projections  were  made  on  the 
cylinder  head  on  each  side  to  correspond  with  the  ends  of  the  bar, 
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just  described,  and  running  along  longitudinally  between  them  were 
very  heavy  rods  of  wrought  iron  or  Bessemer  steel  threaded  at  each 
end.  The  ends  of  these  rods  passed  through  holes  in  the  lugs  cast 
on  the  cylinder  head  and  through  the  ends  of  this  bar,  and  nuts  on 
the  ends  of  the  rods  bound  the  bar  and  cylinder  head  together.  A 
rubber  bumper  was  put  around  the  piston  rod,  clamped  there 
firmly,  and  set  partially  in  a  recess  made  in  the  hub  of  the  piston, 
and  upon  the  arrival  of  the  piston  at  the  end  of  the  run  this  rubber 
bumper  would  come  up  hard  against  the  heavy  bar  of  cast  iron, 
which  being  made  amply  strong  for  the  service  it  was  to  perform, 
prevented  the  travel  of  the  piston  any  farther,  and  in  like  manner 
the  piston  came  against  the  cylinder  head  of  the  lower  limit  of 
travel,  there  being  a  similar  bumper  of  rubber  fastened  in  the 
recess  in  the  hub  of  piston  on  that  side.  Of  course,  these  cylinder 
heads  had  to  be  strongly  re-enforced  to  withstand  the  strain,  and  this 
was  found  to  answer  all  requirements,  for  it  would  always  oj)erate, 
regardless  of  whether  the  limit  valve  or  buttons  of  the  operating 
cable  gave  out  or  not. 

In  the  case  of  the  vertical  hydraulics,  which  were  known  as 
the  standard  elevator,  an  appliance  of  this  kind  was  not  so  easily 
put  on,  in  fact  none  was  ever  devised  that  acted  successfully.  The 
only  places  they  could  be  used  was  at  the  upper  end  of  the  run 
and  at  the  lower  end,  between  the  cylinder  and  operating  valve, 
and  this  had  the  disadvantage  previously  described  as  existing 
with  the  earliest  form  of  limit  valve  on  the  horizontal  machine. 
If  the  valve  in  the  circulating  pipe  was  closed  it  prevented  the 
elevator  from  running  in  either  direction;  hence,  it  had  to  be  set 
so  that  it  would  not  close  entirely,  and  this  very  fact  impaired  its 
usefulness  and  effectiveness.  In  the  case  of  the  vertical  plunger, 
however,  it  was  very  easily  arranged,  the  cylinder  being  made  so 
that  when  the  plunger  got  a  little  below  its  lower  limit  of  travel  it 
was  made  to  rest  upon  the  bottom  head  of  the  cylinder,  and  fast- 
ened around  its  lower  end  was  a  ring  which,  when  it  reached  its 
upi^er  limit  of  travel,  would  come  in  contact  with  the  bottom  end 
of  the  stuffing  box,  thereby  preventing  its  ever  coming  entirely  out. 

ELECTRIC  ELEVATORS 

The  most  popular  form  of  elevator  in  use  to-day  is  that  oper- 
ated by  electricity,  and  the  general  arrangement  of  machines  now 
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in  use  is  that  of  a  worm  and  gear  wheel  actuated  by  an  electric 
motor,  the  gear  wheel  being  attached  to  a  winding  drum  or  spool, 
the  whole  machine,  of  cunrse,  being  bolted  to  an  appropriate  bed 
plate,  and  the  worm 
shaft  fitted  with  the 
proper  form  of  braking 
apparatus  for  iisl>  in 
stopping. 

The  motor  used  for 
operating  a:i  elevator 
has  to  differ  auinewhnt 
from  one  nsed  in  driv. 
ing  ordinary  machinery, 
in  that  it  has  to  start 
np  from  a  state  of  rest 
with  the  load  on  it.  aixl 
it  is  a  well-known  fai-c 
that  ordinary  shun  t- 
wound  motors  are  very 
weak  at  starting,  hence 
a  modification  became 
necessary.  This  was  dis- 
covered very  early  in  iLl- 
intr(Hlnction  of  the  eltt- 
trie  eh'vator. 

To  overt'ome  lliis 
difticnlty  a  very  stnniij 


wtricH    field 


imp   I 


used, and  this  is  usmilly 
arranged  in  two  or  thn-"' 
sii-tions,  and  it  slioiiM 
furnish  fnllyliU  or  4Ll[)er 
cent  of  the  field  excita- 
tion, Theshuiit  winilinij 
is  made  pro[K>rtional  lo 
the  entire  strength  of  the 
is  started,  both  series  and  shunt 
und   as  fast  us  the  motor  picks  up 
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trenpth  of  speed,  one  Bection  after  another  of  the  series  winding 

fill  out,  leaviog  the  motor  entirely  oti  the  shunt  winding  when 

m   has  attained   normal   speed.     By  this  means  a  regular  speed 

inder  any  load  is  obtained,  the  series  winding  being  used  simply 

Rto  give  the  necessary  torque  for  starting. 

The  n-ason  the  series  winding  is  eut  out  when   the  motor 
Attains  norma!  speed  is  that  if  left  iu  action  the  speed  of  the  motor 
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roold  vary  with  the  toad,  and  this  would  be  more  noticeable  dur- 
bg  a  descent  of  the  load  than  when  lifting,  for  it  would  acceie- 
rate  the  descent  at  a  rate  that  would  be  constantly  increasing  until 
ihe  end  of  the  run.  By  cutting  out  the  series  winding  and  allow- 
jSng  the  motor  to  run  on  the  shunt  only,  this  is  avoided.  These 
^conditions  are  brought  about  by  means  of  the  controller. 

The  offices  of  the  controller  are  varietl.  It  has  first  to  turn 
■■the  current  into  the  motor  through  a  certain  amount  of  resistance; 
^•eeond,  to  gradually  cut  this  out  in  steps  as  the  motor  incrcxseB 
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in  speed.  At  the  same  time  it  mnst  gradnally  cut  out  tlie  series 
winding  in  sectioDe,  and  when  the  elevator  is  lowering,  it  also  has 
to  take  care  of  the  short  circuiting  of 
the  armature,  which  will  be  explained 
later  od.  It  consists  usually  of  a 
switch  for  cutting  out  or  breaking 
the  circuit  and  for  closing  it,  making 
suitable  connections  to  the  armature 
leads  to  cause  the  motor  to  run  in  the 
direction  required.  This  switch  is  so 
arranged  that  when  the  circuit  is 
closed,  it  releases  an  arm  or  a  cross- 
head  that  drops  by  gravity  and  there- 
by cuts  out  the  resistance  in  steps, 
doing  it  by  moving  the  contact  piece 
over  a  number  of  plates ;  the  speed  of 
its  descent  is  governed  by  the  escape  of  air  from  a  daahpot.  Id 
some  cases,  instead  of  releasing  the  arm  described  above,  it  acta- 


t'ig.  14.    <A>  wiring  UlaKram  lor  MwbsQlcal  Controller. 
ates  a  solenoid  which  lifts  the  ami  or  cross-head,  its  epeod  Ix'irig 
governed  in  the  same  manner  by  the  use  of  a  dashpot.   The  brt^k- 
ing  of  the  motor  and  solenoid  circuit  is  done  simultaneously  jii^> 
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E-prior  to  the  stopping  of  the  elevator,  acd  wberu  llie  Bi)eed  of  the 

I  elevator,  or  thw  weight 

I  of   the   loads    it  earriea 

rtnake   it   dusiruble,    the 

r<eontro]ler   is   bo  con- 

Istmctod    that  when   the 

li'liiiu  circuit  ib  broken  for 

t  stopping,  while  the  ele. 

[  vator  is  lowerinf^,  it  cuts 

I  (.-ertatti  aiiiount  of 
I  resistance  with  the  ariii- 
|!  ature.  causing  the  E.M.- 
|F.  in    the   arniattire   to 

a  through  this  reaist- 

e,  thereby  retarding 
I  the  speed  of  the  motor. 
[  This  E.  M.  F.  becomes 
I  Weaker  as  the  speed  of 
I  the  arttintnre  decreases, 
I  antil  it  finally  ceases 
twith  the  uiotiuti  of  llie 
I  motor.  This  method  nF 
Kbriiiging  the  elevator 
I  motor  to  a  standstill  is 
I  need  in  all  standard 
ftmakes  of  electric  eleva- 
Ltors  to-d&v,  and  has  been 
■in  nae  eince  alvout  i8!)o. 
Liu  addition  to  this.anie- 
I  ehanical  brake,  o))erate<l 
[from  the  rock-ahaft  of 
r  the  machine  itself,  and 
I  also  a  Bt^parate  luechani- 
fcal  brake,  operated  elec- 
t  Irically  hy  a  solenoid, 
I  are  used.  In  the  ease  of 
l.tiie  latter,  the  aolecjoid 
I'UM  arranged  that  it  releases  the  brake  when  the  circiii 
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may  be,  is  governed  by  the  use  of  a  dashpot.  The  earlier  forma 
of  dashpots  were  filled  with  a  light  oil  which  would  flow  freely, 
and  the  movement  of  the  plunger  in  the  dashpot  euused  the  oil  to 
flow  from  one  end  of  the  cylinder  to  the  other,  through  a  very 
small  opening,  which  was  adjustable  as  to  size.  Tlie  time  in 
which  the  arm  or  cross  head  passed  over  the  croBs  head  plates  was 
thus  regulated,  but  it  was  found  that  the  oil  was  affeoted  by  tem- 
perature, very  cold  weather  making  it  sluggish  and  thick,  and  the 
action  of  the  arm  or  cross  head  correspondingly  slow.  Sometimes 
where  tliB  oil  was  of  a  volatile  nature,  considerable  waste  would 
occur  from  this  and  other  causes,  and'  then  upon  closing  the  circuit 
the  plunger  would  move  very  rapidly  until  it  struck  the  oil  and 
was  brought  up  with  quito  a  shock,  and  rt'sistance  was  cut  out 
quickly  for  two  or  tliree  steps.  This  had  a  batl  fiftn-t.  Some- 
times too,  the  attendant  would  neglect  to 
replenish  the  dashpot  at  all  and  it  would 
become  entirely  empty;  then  the  resistance 
would  be  cut  out  so  suddenly  as  to  en- 
danger the  safety  of  the  motor.  To  rem- 
edy this  a  dashpot  of  somewhat  larger  di- 
ameter \\as  used,  having  a  nicely  titling 
piston,  and  the  air  in  the  dashjHit  was  im- 
prisoned, being  allowed  to  i'sca[>e  through 

a  minute  hole  at  the  to|i  or  bottom,  ac-     p.,g m,   n^.tri,- (iiHTatini; 
cording  to  the  way  the  dashjiot  was  placed.  ««ir.n  f..r  <.,r 

Tlie  o(»ening  being  adjustable  by  means  of  a  screw,  the  arm  or 
cross  head  could  be  made  to  pass  over  the  contact  ]jieeeB  iit  any 
epeed  desired,  the  usual  time  allowed  from  closing  the  circuit  to 
attaining  full  speed  being  from  four  to  five  second:-. 

With  elevators  running  at  a  high  rate  of  sjjeed,  however,  say 
300  feet  jier  minute  or  more,  this  method  of  operation  wasJ  not  as 
perfect  as  could  be  desired ;  hence,  there  was  deviseil  what  is  calle<l 
the  electric  control.  This  consists  of  a  small  switch  located  iti  the 
cab.  From  it  wires  are  run  in  the  form  of  the  flexible  cable  to  a 
point  midway  of  the  run  of  elevator,  where  the  end  of  the  cable  is 
attached  to  the  wall  of  the  shaft,  and  from  that  rroint  wires  are  run 
to  the  controller.  This  cable  has  to  convey  but  *  '^^U  small 
amount  of  current,  simply  suflicieut  to  actuate  o^^  or  i"'*"'  aoWn- 
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oids  un  tliv  c-ontruIU>r.     These  solenoids  operate  tbeswiu^h^s  wliid 
muke  Hiid  tire&k  tlie  circuit  i»  eillier  dirwtion.     Tlie  throwing  ( 
this  switch  in  the  cab  to  the  npri^htor central  [losition,  lireuks  tU 
circuit  always,  and  movii 
it  eitlier  to  tlir  right  ha 
or  left  will  cIohb  the  sppr^ 
priHt^  ewilrh  on   the  i 
troller  to  run  in  the  din 
tion  desire*.!.     This  Is  doq 
liy  actuating  a  solenoid  i 
the    contruller,    as     \)f.tot 
stated,    which    closes 
ewitch  to  run  the  motor  | 
the  direction  desirtxl. 
cubltt    Httitched     to     thi 
RU'itch  has  to  have  at  leaf 
three  wires, ona  for  tholic 
and  the  other  two  for  tlifl 
respetrtive     BoIt'Doids, 
ni^ually  the  cjihles  are  pd 
ill  with  H  number  of  wire 
eu  that  if  anything  linp|ieii 
to  iiuy  one  of  those  i 
one  of  the  d.-iid  wires  CHlf 
iinniediatety  'h>  coi 
and   thus  the  ne^vssity  1 
reptaeiug    the  entity  cablfl 
ie  obviated. 

(_'untruller8   of    thi^ 
der-eripiion  operate  in  ' 
rious    ways;    id  Bome, 
soon  as  ihti  lin<i  cironit  ! 
k  closed,  a,  solenoid  ia  nc 
ated,  which  cute   out 
FiK.  10.  Ei«trt«iiy  oi^T^v^i  .N«,iroU«.        reelstanw,  in  thosame  in, 
ner  as  descrUied  tie  lieing  used  fur  the  lever  or  hand-cablu  coutrtJ 
Another  forra  of  controller  does  it  in  «  dllTereiit  manner,  whittt 
will  be  described, 
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The  nrmatiire  is  coDiiected  with  a  ntimber  of  eoleooids,  each 

inecttMl  with  a  eeparato  Etep  of  the  resistance,  and  80  arranged 

%at  tbey  require  varying  araounla  of  current  to  actuate  them,  and 

ne  E.M.F.  in  the  armature  actuates  iheee  solenoids  in  rotation, 

9ie  motor  being  started    up  at 

and    running    slowly,  tlie 

M.F.  in  the  armature  is  weak 

:1  niitiiaU'S  oiily  the  first  solen- 

lid,  which  then  cuts  out  the  first 

'p  of  the  resistance.     Aa  the 

;ed  increases,  the  E.M.F.  lie- 

atrongcr  and  successively 

out    through    the    other 

ilenoids,  all   the  resistances  as 

motor    attains    full     speed. 

hen    the  circuit   is  open    for 

stopping    tlie   elevator,    thee 

solenoids  all  drop  back  to  the 

original  jiosition  and  are  ready  ■ 

"  ir  the  next  start,  and  they  are 

to  cut  out  the  resistances 

in  either  direction  of  the  motor. 

Tlia  E.M.F.,  as  before  stated,  is  frequently  used  as  a  means  of 

retarding  the  motion  of  the  elevator  when  a  stop  is  desired,  the 

loet  effective  method  being  to  introduce  a  set  of  resistances  in  the 

troller  8[»eciiilly  designed  for  the  purpose.     It  ia  arranged  on 

levators  eo  that  the  E.M.F.  actuates  a  solenoid  which  ap- 

lleB  the  brake,  the  latter  twing  held  off  by  a  strong  spiral  spring. 

lien  the  ciituit  ia  broken,  the  same  movement  that  opens  the 

itch,  connects  the  armatni-o  with  this  solenoid,  and  if  the  elevator 

running  very  fast,  the  E.M.F,  being  strong,  applies  the  brake 

rry  hard.     Aa  the  current  in  the  armature,  owing  to  the  slowing 

iwn  of  the  motor  on  the  application  of  the  brake,  Iwcomes  weaker^ 

pressure  on  the  brake  becomes  lees,  until  finally  it  ceases  en- 

iy,  and  at  this  point  the  other  mechanical  brake  operated  by  a 

leooid,  whose  office  is  only  to  release  it.  is  applied  pertnauenJly 

mechanical  means.     With  this  arrangement,  one  solenoid  slows 

motor  and  brings  it  to  a  stop,  and  having  attained  that  point, 


origi 
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"In  el 


34 


ELEVATORS 


tho  other  solenoid  rvlttases  its  liold  on  tliu  brake  and  allows  tlie 
Spring  to  apply  it. 

This  latter  arrengmnent,  howevur,  of  using  tbe  E.M.F.  to  ap- 
ply the  brake,  is  simply  a  roundabout  way  of  reaching  the  result — 
partly  by  nifchaiiical  and  partly  by  electrioal  itieane — and  is  not 
really  neeessary;  the  short  circuiting  of  the  armature  through  re- 
sistances in  the  controller  ia  all  that  can  be  desired. 

In  many  elevators  where  a  variable  s[)eed  is  desired,  connec- 
tion is  made  between  the  armature  and  a  solenoid  connected  to  a 
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switch  wliii-ii  is  kept  clowd  exirept  when  the  solenoid  is  actuated. 
This  switch  closes  a  circuit  between  the  shunt  field  coils  and  a  iiarik 
of  rcsistiinees  in  the  controller,  specially  designed  for  the  pur[M)sc. 
nn<l  has  the  elT.-ct  of  wesikcniiig  the  fields.  This  causes  the  molor 
t(i  run  ill  a  grenter  than  its  uorriml  speed,  so  that  with  a  light  load 
wbiTc  the  K.M.I-',  in  t!ie  armature  is  not  great,  the  elevator  will 
always  start  up  and  run  much  faster  than  when  a  full  load,  or  one 
nearly  appriiachitig  it,  is  in  the  cage;  or  when  the  greater  load  has 
to  be  liftctl,  the  E.M.I'",  in  the  armaiuru  iKHiomes  strong  enough  to 
at:tuate  the  solenoid,  which  ojiens  the  switch,  thereby  cuttiiig  out 
the  resistaiico  in  the  lields  and  leaving  them  stronger,  and  the 
BfRH-d  of  thu  motor  immediately  l>ecomes  slower.     This  is  a  very 
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nice  device  and  does  ite  wark  automatically  and  is  quite  reliable. 
The  idea  of  weakening  or  strengthening  the  tieida  of  a  motor 
to  gain  or  lessen  speed  is  almost  as  old  as  the  first  electric  eleva- 
tors, but  where  current  is  taken  from  a  public  supply,  or  where 
only  one  elevator  is  used,  it  is  UBually  not  practicable  to  deviate 
from  the  methods  above  deBcribed.      The  ideal  electric  elevator, 


FiB-  *2-     (Di  Wiring  Dtagrani  o(  Controller  with  Solninlil  Ciii-imli, 

however,  is  one  where  a  separate  dynamo  is  used  for  supplying  tlie 
fields  and  one  for  the  armature.  A  field  regulator  connected  with 
the  dynamo  supplying  the  fields  can  be  placed  in  the  cab,  by  means 
of  which  the  operator  can  weaken  or  strengthen  the  fields  of  the 
dynamo  supplying  the  current  to  the  fields  of  the  armature  driv- 
ing the  motor.  By  this  means  a  great  variation  in  speed  may  bo 
had.  But  while  fairly  economical  in  its  operation,  it  is  a  plant 
that  is  expensive  to  install,  and  though  it  has  been  done  in  a  few 
instances,  there  are  not  many  of  this  type  of  elevator  in  existence. 

ELECTRIC  LIMIT  SWITCHES 

It  was  found  in  o[>erating  electric  elevators  that  more  space 
was  needed  between  the  cab  and  the  overhead  sheaves  at  the  iipjfer 
part  of  the  run,  and  that  a  deeper  pit  was  also  ruquircd  at  the 
bottom  of  the  run  on  account  of  the  occasional  pitch  of  the  brake. 
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For  frequently,  although  the  mechanical,  automatic  or  limit  stop 
on  the  machine  would  break  the  circuit  and  apply  the  brake  near 
the  end  of  the  trip,  there  were  cases — for  instance  when  the  empty 
cage  was  required  to  ascend  at  full  speed  and  the  brake  had  be- 
come slightly  worn  and  did  not  grip  as  firmly  as  usual — that  the 
cage  would  go  beyond  the  landing,  and  the  additional  space  men- 
tioned above  was  required  to  prevent  a  collision.  Tliis  also  hap- 
pened sometimes  at  the  lower  end  of  the  run  when  an  extra  heavy 
load  was  descending.  A  lack  of  care  on  the  part  of  the  operator  in 
breaking  the  circuit  in  suflicient  time,  or  the  causes  just  mentioned, 
would  cause  the  cage  to  run  down  to  the  bottom  and  bump.  To 
avoid  this,  as  an  extra  measure  of  safety,  switches  are  sometimes 
placed  at  the  extreme  limit  of  the  run,  the  line  wire  being  carried 
up  the  hatchway  through  the  switch  and  returned. 

These  switches  are  opened  by  the  car  automatically  if  it 
should  pass  a  certain  point,  and  the  opening  of  this  switch  breaks 
the  circuit  and  at  the  same  time  applies  an  extra  strong  emergency 
brake.  The  switches  are  operated  by  means  of  cams  attached  to 
the  cage. 

MISCELLANEOUS  ELECTRIC  ELEVATORS 

There  are  one  or  two  other  types  of  elevators  that  have  been 
more  experimental  than  practical  in  their  nature,  which  will  Ihj 
mentioned  here.  One  of  them,  the  Pratt -Sprague,  consists  of  a 
hand  screw  running  horizontally  in  bearings  at  either  end,  which 
is  driven  directly  by  a  motor  placed  at  one  end.  The  screw  runs 
in  a  nut  having  a  cross  head,  which  travels  on  guides  horizontally, 
the  same  as  the  cross  head  of  a  horizontal  hydraulic,  and  is  sup- 
plied with  sheaves  on  either  end.  The  construction  of  the  machine 
is  such  that  a  double  set  of  traveling  sheaves  and  also  fixed  sheaves 
is  necessary.  The  cables  are  rolled  over  these  sheaves  similar  to 
the  method  described  for  the  horizontal  hvdranlic,  and  the  motor. 
of  course,  is  reversible. 

One  of  the  principal  features  of  this  type  of  machine  was  the 
construction  of  the  nut  which  traveled  on  this  large  screw.  It 
was  supplied  with  steel  balls  on  the  jmll  side  of  the  screw,  and  they 
ran  close  together  in  single  file  through  a  channel,  which  carried 
them  around  through  the  threads  of  the  nut  and  caused  them  to 
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retuFD  to  tbe  other  end  of  the  same  after  they  had  passed  through. 
Of  course,  there  had  to  be  so  many  of  them  that  they  completely 
filled  the  channel-  from  one  end  to  the  other,  and  it  was  thought 
that  tlieir  use  would  reduce  the  friction  to  a  minimum.  It  was 
found,  however,  in  practice  that  they  would  get  ilat  spots  on  tlieui 
and  cease  revolving,  and  where  they  did  this  they  would  cut  grooves 
or  scores  in  the  thread  of  tbe  screw,  winch  latter  was  a  serious 
matter.  They  are  very  prone  also  to  become  deranged,  and  their 
operation  was  not  as  economical  as  had  been  anticipated. 

Very  few  of  these  elevators  are  in  use  at  the  present  time. 
The  controlling  device,  however,  was  quite  novel  and  the  o|)eration 
of  thec^e  very  agreeable  and  pleasant.  The  control  of  tbe  motor 
driving  this  screw  was  effected 
by  means  of  a  small  pilot  motor 
operated  in  turn  by  means  of 
ptieh  buttons  in  tbe  cage. 

Another  type  of  elevator 
was  that  devised  by  Mr.  Fraser, 
of  California,  the  driving  raech- 
anisni  of  which  consisted  of 
two  motors  set  one  above  the 
other.  Tbey  were  necessarily 
slow  speed  motors,  and  each  one 
had  upon  tbe  armature  shaft 
sheaves  of  about  20  inches  di- 
ameter. The  motors  themselves 
ran  at  a  speed  of  about  420 
r.p.m,,  and  the  cables  were  so 
arranged  as  to  form  a  double 
bight  or  loop  below,  in  each  of 
which  one  of  these  pulleys  on 
the  armature  shaft  ran  as  shown 
in  the  accompanying  illustra- 
tion. The  upper  ropes  of  the  cables  had  sheaves  carrying  them 
and  running  in  a  frame,  to  one  of  which  was  attached  the  car 
cable,  and  to  the  other  the  counterpoise  cables.  These  motors 
ran  in  opposite  directions,  and  in  the  cab  were  placed  rheostats  for 
weakening  or  strengthening  the  fields.     By  this  means  tbe  speeds 
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of  the  motors  could  Ih)  varitnl.  By  reference  to  the  diairrain 
illustrating  this  description,  it  can  readily  be  seen  that  when  both 
motors  were  running  at  the  same  speed,  no  motion  of  the  car  was 
obtained,  but  by  v^arying  the  speed  of  either  motor  the  car  would 
run  at  a  speed  equal  to  half  the  difference  of  the  two  motors.  No 
reversing  apparatus  was  needed  with  these  motors;  they  ran  con- 
tinuously in  one  direction,  the  motion  of  the  car  being  gotten 
entirely  by  the  change  in  speed,  and  the  most  desirable  stops  and 
starts  were  obtained.  But  the  machine  was  very  severe  on  the 
cables,  so  destructive  in  fact  that  they  had  to  be  renewed  fre- 
quently; and  taking  it  altogether,  it  was  not  found  as  desirable  a 
machine  as  had  been  anticipated,  either  from  the  point  of  economy 
or  maintenance,  but  results  in  operation  were  all  that  could  be 
desired,  including  the  speed  attained  and  smoothness  of  stops  and 
starts. 

ELEVATOR  ACCESSORIES 

An  elevator  is  really  a  vertical  railway,  but  differs  from  one 
running  on  horizontal  rails  in  that   it  does   not  use  wheels,  but 
slides  on  its  track,  and  in  order  to  avoid  friction  as  much  as  jk)s- 
sible,  the  cage  should  be  hung  centrally.     The  rails  ustni  for  the 
cage  to  tnivfl  on  are,  in  the  more  common  ty[)es,  usually  of  w(Xk1, 
hard  maple  being  the  inatt*rial  mostly  adopted,  and  it  is  kept  con- 
stantly lubricated   with    some    form   of  grease.     The  guide  ways 
after  somt^  werks'  use  beeonu*  rough  and  dry  from   various  causes, 
principally  from   the   rubbing  off  or  eva])oration   of  some  of  the 
component  piirts  of  tlit*  grease,  and  also  from  the  accumulation  of 
dust,  wliieli  sticks  readily  to  tlit»  lubricant.     Thev  then  have  to  Ik* 
cleaned  oif  and  rt^lubricated,   the  objtH.'t  l>eing  of  course  to  keep 
them  as  smooth  and  fn^e  from  friction  as  possible. 

(Treat  care  has  to  l)e  taken  when  installinjr  them  to  have  them 
in  perfect  alignment  and  the  joints  very  even;  and  maple,  IxMnga 
wood  that  is  prone  to  warp,  has  to  be  put  on  in  short  pieces,  the 
usual  leiiiXtlis  bein(£  about  four  feet.  The  ends  of  these  miides  are 
tonmied  and  (rrooved  to  fit  into  one  another,  and  where  the  cruide 
posts,  to  which  they  are  attached,  are  nuide  of  wood,  they  are  fast- 
ened then^to  by  means  of  appropriate  lag  screws,  the  ends  of  which 
are  recessed  into  the  face  of  the  guides.     The  shoes  ou  the  cage 
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which  run  on  these  guides  are  usually  machined  to  fit,  and  arc 
made  as  smooth  as  possible  at  their  faces  oF  contact. 

The  device  generally  used  for  stopping  the  cage  in  case  of  a 
sudden  descent,  caused  either  by  the  breakage  of  the  cables  to 
which  the  car  is  suspended  or  by  the  derangement  of  Any  part  of 
tlie  machinery,  is  a  pair  of  dogs,  one  placed  in  each  guide-shoe 
l>eneath  the  car  on  op|)osite  sides.  These  dogs  are  in  the  form  uf 
an  eccentric,  the  outer 
face  of  wliich  is  supplied 
with  coarse  teeth,  which, 
when  the  dog  is  revolved 
on  its  axis,  come  in  con- 
tact with  the  guide 
strips;  and  as  these  teeth 
enter  it,  the  descent  of 
the  car  causes  a  further 
partial  revolution  of  the 
dogs,  so  that  the  guides 
become  tighter  and 
tighter   as    the   car  de- 

scends,*and  bring  it  to  a  stop.  This  operation  talces  much  1 
time  to  occur  than  it  does  to  describe  it  here,  the  fact  being  that 
after  the  dogs  begin  to  catch,  the  car  descends  but  a  very  few 
inches  before  it  is  brought  to  a  dead  stop. 

These  dogs  were  originally  used  in  connection  with  a  spring 
for  throwing  them;  hence  when  tliey  acted  at  all  they  acted  very 
quickly  and  before  the  platform  had  gained  much  headway,  and 
while  this  was  quite  satisfactory  In  a  slow  running  elevator,  it  was 
found  to  be  quite  objectionable  with  elevators  of  high  speed — the 
sudden  stopping  producing  a  severe  shock  to  the  occupants  of  the 
cage — and  moreover  there  were  many  cases  where  the  elevator 
would  descend  rapidly,  and  the  dogs  failed  to  act,  because  they  de- 
pended on  the  severing  of  the  hoist  cables  for  their  action.  They 
were  operated  by  a  spring  which,  being  held  in  tension  by  the 
weight  of  the  c^e  on  the  hoisting  cable,  would  never  act  while  that 
tension  existed.  Hence,  if  the  cables  were  to  break  at  or  near  the 
drum  of  the  machine — the  machine  being  located  in  tht;  basonient 
— these  cables  bad  to  pass  from  the  drum  up  aud  over  gUeaves  at 
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tht>  top  of  the  hatchway  and  it  would  require  considerahle  power 
to  drag  tbeiii  over  the«e  shi^ves.  This  wonld  be  siitGcient  in  iteelf 
to  hold  the  spring  out  of  nction. 

With  the  iiitroduction  of  the  safety  governor,  however,  this 
trouble  disappeared.  The  governor  is  a  revolving  sheave  having 
within  its  rim  dogs  or  arms  set  upon  pivots  and  lield  in  place  by 
means  of  strong  springs,  eitht^r  spiral  or  Hhi.     These  springs  are 


HO  !iii  jiistnl  tliut  till'  normal  spcinl  of  llie  ek-vator  doys  not  afftrl 
either  them  (ir  the  liogw.  Iiut  should  tlie  s|)efd  of  the  elevator  e\- 
eecd  the  imriiiii!  by  aimnt  25  j)er  cent,  the  centrifugal  force  exertol 
by  these  dogs,  wliicli  are  weighted  somowlmt.  will  overcome  the 
tension  of  the  springs,  and  they  will  tiy  out  beyond  tlie  rim  of  tlie 
slieave,  ciitcliiiig  uii  A  stand  in  which  the  sheave  runs  and  stoppitig 
its  revolutions  entirely. 

Now  this  sheave    has  a  V-shaped    groove  in  which    runs  a 
manila  rojie  about  |  inch  iu  diameter.      One  end  of  this  rope  is 
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made  fast  to  a  lever  on  the  top  of  the  cage,  which  operates  the 
safety  dogs,  the  other  end  is  carried  down  the  hatchway  and  around 
another  sheave  at  the  bottom  and  back  again  up  to  the  cage,  where 
it  is  attached  at  some  convenient  point,  usually  to  an  arm  placed 
on  the  stile  for  that  purpose.  Tliis  sheave,  which  runs  in  the 
bight  of  the  governor  rope,  is  in  a  frame,  which  runs  on  guides 


Fig.  26.     Diagram  of  Safely  Governor. 

and  has  a  moderately  heavy  weight  attached  below  it  which  serv(»s 
the  double  purpose  of  keeping  the  governor  rope  taut  and  of  tak- 
ing up  or  compensating  for  the  stretch  of  the  rope.  It  also  gives 
the  necessary  tension  for  driving  the  governor,  and  when  the 
sheave  and  its  revolutions  throws  out  the  dogs  and  stops  itself,  as 
before  described,  the  V  groove  in  the  sheave  grips  the  governor 
rope  tightly  and  thereby  pulls  on  the  safety  lever  on  the  cage  and 
throws  in  the  safety  dogs.  It  can  be  readily  seen  that  with  an 
appliance  of  this  kind,  the  cage  would  have  to  descend  quite  a 
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before  described,  which  were  not  applicable  to  this  form  of  guide, 
hence  a  new  device  had  to  be  introduced.  This  was  in  the  form 
of  a  powerful  pair  of  nippers  placed  below  the  car,  one  on  each 
side.     The  inner  ends  of  these  nippers  on  being  forced  outward. 


Fig.  27.    Safeties  for  Sl<>el  Guides. 

caused  the  jaws  of  same  to  grip  the  steel  guides  with  tremendous 
force,  but  the  means  of  applying  them  being  gradual  they  did 
not  stop  the  cage  suddenly  but  allowed  it  to  slide  several  feet, 
bringing  it  gradually  to  a  stand. 

The  form  of  governor  used  to  actuate  these  safeties  is  similar 
to  that  described  above.  The  pulling  of  the  governor  rope  causes 
the  release  of  a  very  powerful  coil  spring  under  the  car,  which 
forces  the  dogs  into  action.  There  are  several  forms  of  this  de- 
vice, none  of  them  differing  materially,  except  in  the  method  of 
applying  the  power  to  grip  the  guides,  one  or  two  of  them  dis- 
pensing with  the  coil  spring,  before  mentioned,  and  using  a 
powerful  screw  and  knee  joint.  The  screw  is  operated  by  the  end 
of  the  governor  rope,  which  is  coiled  several  times  around  a  spool 
or  barrel  on  the  body  of  the  screw.  The  governor  rope  is  gripped 
by  the  governor,  and  the  descent  of  the  car  uncoils  the  governor 
rope  off  the  spool,  which  is  made  to  revolve,  and,  being  attached 
to  the  screw,  causes  it  to  revolve.  This  action  causes  the  knee 
joints  to  force  the  long  end  of  the  nippers  apart,  the  short  ends 
gripping  the  guides  powerfully. 

Another  point  in  which  the  elevator  differs  from  the  horizou- 


497 


44  ELEVATORS 


tal  railway  is  that  in  moving  a  load  on  an  elevator  the  force  of 
gravity  has  to  \)e  overcome  as  well  as  that  of  inertia.  Hence,  it 
is  found  to  be  economical  to  counterbalance  the  cage,  and  for  that 
reason  slides  very  similar  to  those  on  which  the  cage  travels,  but 
lighter  in  construction,  have  to  be  provided,  in  which  a  counter- 
poise  weight  travels.  Sometimes  more  than  one  of  these  counter- 
balance weights  are  used,  in  some  cases  running  in  separate  slides, 
in  others,  varying  with  the  conditions,  with  each  weight  having  a 
slide  to  itself. 

When  a  counterbalance  weight  is  used,  which  is  attacht»d 
directly  to  the  cage,  it  can  never  be  as  heavy  as  the  empty  cage 
by  several  hundred  j)ound8,  depending  largely  upon  the  height  of 
the  building  and  the  number  of  cables  attached,  for  when  the  cage 
is  at  the  top  of  the  run,  these  cables  hang  over  on  the  opposite 
side  of  the  sheaves  and  have  the  effect  of  further  counterbalancing 
the  cage.  The  weight  of  the  cage  itself  must  therefore  be  greater 
than  the  combined  weight  of  these  cables  and  the  counterbalance 
weight,  otherwise,  the  cage  would  not  descend  when  empty. 
When  it  l)ecomes  necessary  to  have  the  counterbalance  weight 
fully  as  heavy  as  the  empty  cage,  or,  as  occurs  in  many  instances, 
it  is  requirtnl  to  Ik?  greater  than  the  cage,  this  counterbalance 
weight  has  to  l>e  attached  by  means  of  cables  running  over  sheaves 
at  the  top  of  hatchway  to  the  opposite  or  back  side  of  the  hoistintr 
drum.  Where  a  cage  is  large  and  consequently  quite  heavy,  tlie 
attaching  of  a  counterpoise  to  the  cage  itself,  as  well  as  to  the  rear 
side  of  the  hoistini;  drums,  is  done  as  a  means  of  relievinix  the 
hoisting  cables  of  a  part  of  the  weight  they  have  to  carry,  and 
this  adds  to  their  durability  and  safety. 

In  the  case  of  the  electric  elevator  the  over-counterbalancing 
of  the  cagt*  is  found  to  be  quite  economical  in  this  way.  An  esti- 
mate is  made  of  the  average  load  which  the  elevator  has  to  lift  in 
its  daily  service,  and  it  is  over-counterbalanced  to  about  this 
amount,  the  result  being  that,  with  the  average  load,  the  only  j)0wer 
to  Ix^  exerted  in  moving  it  will  l)e  that  necessary  on  account  of 
the  friction  of  the  machinery.  For  instance,  it  may  l)e  estimated 
that  the  average  load  of  the  elevator  will  be  500  or  oOO  pounds, 
althoucrh  it  is  built  to  lift  say  2,000  |X)und8.     If  it  is  overweighted 
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this  amount,  it  will  be  on  a  balance  with  the  average  load,  and  tlir 
amount  of  power  required  to  move  it  will  be  a  minimum. 

This  arrangement  is  found  to  give  very  good  results  as  to 
economy  and  operation,  but  of  course  in  order  to  get  the  very  best 
results  the  cage  should  be  built  as  light  as  possible  commensurate 
with  the  requisite  strength  and  stability;  for  if  the  cage  is  made 
unnecessarily  heavy  and  it  has  to  be  counterbalanced  equivalent  to 
its  weight,  there  is  that  much  heavier  body  of  material  to  start  and 
stop  each  time  the  elevator  is  operated,  and  there  is  that  much 
greater  inertia  to  overcome,  which  consumes  power.  The  neces- 
sity, therefore,  of  building  everything  as  light  as  possible  will  be 
readily  seen. 

Where  two  counterbalance  weights  are  used  running  in  one 
slide,  it  should  be  an  invariable  rule  to  place  the  heavier  weight, 
which  is  ahvays  that  one  attached  to  the  rear  side  of  hoisting 
drum,  below  the  one  attached  directly  to  the  cage,  for  there  is  a 
liability  at  times  of  counterbalance  weight  cables  breaking,  the 
same  as  there  is  with  hoisting  cables.  Should  this  occur  with  the 
drum  or  heavier  weight  above  the  cage  weiglit,  the  consequences 
would  be  disastrous,  for  combined  they  w^onkl  weigh  considerably 
more  than  the  cage,  and  in  falling  would  rush  it  upwards  to  the 
top  of  the  hatchway  at  a  great  speed,  provided  of  course  that  the 
cables  by  which  the  car  weight  was  attached  did  not  give  way. 
Where  the  cables  of  the  lowering  weight  pass  the  upper  weight, 
the  latter  is  usually  slotted  throughout  its  whole  length  to  allow 
their  passage. 

The  best  form  of  counterbalance  weights  used  at  the  present 
time  in  elevators  is  made  in  sections  so  as  to  be  readily  changed 
or  adjusted  when  desired.  They  consist  of  a  head  and  bottom 
weight,  which  are  usually  provided  with  suitable  guide  shoes  to 
run  on  the  slides,  and  between  them  are  shorter  weights,  which  do 
not  touch  the  guide,  and  which  are  called  subweights.  The  whole 
number  of  weights  are  held  together  by  means  of  strong  iron  rods 
with  double  nuts  at  either  end.  These  pass  through  holes  cast  in 
the  upper  and  lower  sections  of  the  weight,  and  the  intermediate 
or  subweights  are  held  in  position  on  these  rods  by  means  of 
grooves  in  their  ends,  which  fit  over  the  rods,  the  whole  being 
clamped  together  firmly  by  means  of  the  nuts    just  mentioned. 
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Sometimes,  where  the  counterbalance  weight  is  necessarily  very 
long,  a  middle  weight  with  guides  on  it  is  inserted,  through  which 
the  rods  holding  in  the  subweights  pass,  thus  giv^ing  it  greater 
rigidity  and  safety. 

A  very  important  part  of  the  elevator  is  the  overhead  sheaves 
and  bearings.     In  the  earlier  forms  of  elevators,  these  bearings 
were  set  on  wooden  beams  overhead,  passing  across  the  hatchway 
in  the  proper  direction  to  let  the  cables  drop  where  required.     In 
later  years,  however,  general  practice  seems  to  lean  to  the  use  of 
steel  I-beams  for  this  purpose,  and  they  are  certainly  much  safer 
in  case  of  a  fire  occurring  in  the  building.     It  frequently  happens 
in  case  of  a  fire  that  the  elevator  is  one  of  the  principal  means  for 
getting  people  out  of  the  building,  and  where  these  beams  are  of 
steel  there  is  no  doubt  as  to  their  greater  safety  under  such  condi- 
tions.    The  sheaves  should  always  be  as  large  as  can  possibly  be 
used  under  the  circumstances, — never  less  in  diameter  than  the 
drum  around  which  the  cables  wind — and  the  rule  usually  adopted 
is  that  the  sheave  should  be  at  least  40  times  the  diameter  of  the 
cable  which  is  to  run  over  it,  and  as  much  larger  than  that  as  the 
conditions  will  permit.     It  is  also  very  important  that  the  score 
of  these  sheaves  should  fit  the  cable  very  well,  otherwise,  with 
heavy  loads  the  latter  becomes  distorted,  and  even  under  the  best 
conditions  the  wear  of  the  cable  will  be  rapid  unless  lubricated. 
For  this  purpose,  there  is  nothing  better  than  raw  linseed  oil  ap- 
})lied  with  a  brush,  and  it  is  very  much  improv^ed  in  usefulness  if 
a  small  (juantity  of  the  finer  quality  of  plumbago  be  mixed  with  it. 
This  material  when   unrefined  is  full  of  grit,  and  is  put  on  the 
market  in  this  condition  for  use  as  facincr  for  moldincrs  in   foun- 
dries.      It  is  very  essential  that  this  kind  be  not  used,  for  the  pres- 
ence of  the  irr'it  will  have  exactly  the  op])j)08ite  effect  to  that  in- 
tended.     After  the  })lumbai^o  has  been  carefully  freed  of  all  the 
grit  it  contains,  it  is  a  very  jrood  lubricant  and  in  this  condition  it 
i^  very  s(»rvie(»a])le,  both  for  the  purpose  just  described  and,  in  con- 
nection with  grease,  for  the  slides. 

CABLES 

Should   the  wires  of  the  cables  us(h1  in   hoisting  be  run  per- 
fectly parallel  to  one  another,  they  would   not  only  last  loncrer  but 
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they  conld  be  subjected  with  safety  to  a  much  greater  strain,  bnt 
that  is  found  to  be  impracticable  with  running  ropes,  hence  they 
have  to  be  twisted,  first  in  strands  of  19  wires  each,  then  six  of 
these  strands  are  twisted  together  around  a  center  or  heart  made 
of  hemp.  The  object  of  this  arrangement  is  that  in  working  over 
the  sheaves  the  wires  may  rub  on  something  softer  than  them- 
selves and  not  abraid,  for  the  parts  of  a  hoisting  cable  when  in 
use  undergo  many  changes  in  position.  For  instance,  when  pass- 
ing up  the  hatchway,  the  parts  remain  normal  or  as  they  were 
when  made  up,  but  "when  they  come  to  the  sheave  the  strands 
necessarily  change  positions  slightly,  being  bent  in  a  circle,  and 
after  passing  over  the  sheave  and  down  on  the  other  side  they 
change  again  to  nearly  the  original  position.  As  they  are  twisted 
around  one  another,  different  parts  of  the  same  cable  change  their 
relative  positions  quite  frequently,  for  their  very  shape — being  spi- 
rally wound  around  one  another — causes  them  to  roll  slightly  in  the 
grooves  of  the  sheave,  and  they  do  not  always  fall  into  exactly  the 
same  position  when  they  return.  Hence,  the  absolute  necessity 
for  some  sort  of  lubrication.  This  change  of  position  or  twisting 
of  the  cables  has  made  it  advisable  in  cases  where  a  large  number 
of  cables  are  used  together  (say  for  instance  four  or  six  cables  run- 
ning over  one  sheave)  to  use  them  alternately  of  right  and  left 
hand  lay,  the  meaning  of  which  is  that  some  cables  are  twisted 
right-handed  and  others  left-handed,  and  by  using  them  alter- 
nately in  this  way  they  serve  to  correct  the  action  of  each  other 
and  prevent  many  minor  troubles  that  will  occur  when  laid  uj) 
alike. 

The  scope  of  this  article  will  not  permit  going  into  details 
relative  to  the  proper  fastening  of  the  cables,  which  is  a  very  im- 
portant feature,  but  w^hich  is  really  in  the  hands  of  the  elevator 
constructor,  and  with  which  the  attendant  has  little  to  do. 

The  journals  of  the  gudgeons  or  shafts  upon  which  the 
sheaves  revolve  should  always  be  of  soft  shrunk  steel  and  of  aujple 
diameter,  and  the  boxes  in  which  they  run  should  l>e  lined  with  a 
very  good  quality  of  babbitt,  and  should  be  provided  with  go(Kl 
lubricating  facilities.  They  are  parts  of  the  elevator  that  are 
neglected  perhaps  more  than  any  other.  Being  at  the  highest 
point  and  out  of  the  way,  they  are  very  seldom  noticed,  but  at  the 
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same  time  too  much  emphasis  cannot  be  placed  upon  the  absolute 
necessity  for  properly  attending  to  this  important  feature  of  the 
machine. 

The  operating  cable,  owing  to  the  impossibility  of  following 
the  rule  laid  down  for  the  hoist  cables  regarding  the  diameters  of 
sheaves,  is  usual  to  make  of  a  much  finer  wire,  and  the  number 
of  wires  to  a  strand  is  also  greater.  It  is  usually  that  kind  of 
wire  rope  which  is  termed  tiller  rope,  and  is  soft  and  flexible. 
The  diameter  is  almost  invariably  ^  inch,  except  in  cases  where 
the  lever  device  is  used,  when  the  necessity  for  a  rope  of  that  size 
does  not  exist.  The  ^-inch  diameter  is  used  principally  because 
it  is  convenient  for  the  hand,  and  it  is  seldom  that  a  larger  sheave 
than  12  inches  is  found  practicable,  but  in  any  case,  whether  for 
hand  cables  or  hoisting  cables,  iron  ropes  should  always  be  used. 
It  is  true  that  a  steel  rope  has  a  greater  tensile  strength,  but  the 
bending  over  the  sheaves  causes  it  to  crystallize  much  more  rapidly 
than  an  iron  rope  does,  and  it  will  consequently  commence  to 
crack  sooner.  The  very  best  iron  for  this  purpose  is  either  Swed- 
ish or  charcoal  iron,  which  are  very  nearly  pure,  exceedingly  duc- 
tile, and  will  stand  the  bending  and  straightening  for  a  much 
greater  length  of  time  than  a  steel  rope. 

Wire  cables  have,  in  some  instances,  been  known  to  run  with- 
out fracture  for  eight,  ten,  and  even  twelve  years,  but  there  are 
very  few  in  constant  use  that  last  more  than  three  or  four  years. 
Some  do  not  last  longer  than  two  years  where  subjected  to  con- 
stant and  severe  service,  and  in  any  case  they  should,  on  general 
princij)les,  even  if  showing  no  outward  signs  of  deterioration,  be 
changed  for  new  ones  at  the  end  of  five  years,  under  the  most 
favorable  circumstances.  C^racking  occurs  very  gradually  and  can 
readily  be  detected  long  before  it  actually  occurs  by  the  exterior 
appearance  of  the  rope,  but  there  are  many  cases  where  ropes 
crack  inside  before  they  do  on  the  outside,  and  this  can  only  bt' 
discovered  by  getting  the  ro})e  entirely  slack  and  slightly  untwist- 
ing it  so  that  an  examination  of  the  interior  can  be  made.  Hold- 
ing one's  hand  gently  on  the  rope  while  it  is  running  will  fre- 
quently detect  a  cracked  wire  if  it  be  on  the  outside,  but  an  ex- 
amination of  this  kind  must  be  carefully  made  to  be  of  any  serv- 
ice. 
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In  regard  to  sheaves,  sometimes  an  arm  will  crack  through 
an  undue  shrinkage  strain  brought  about  possibly  in  some  cases 
by  disproportion  in  the  design,  or  by  unequal  cooling  in  the  foundry. 
In  such  cases  the  crack  usually  opens  quite  wide,  but  where  it 
occurs  from  undue  shock  or  jar,  the  fracture  may  occur  and  re- 
main closed,  so  that  it  is  not  detected.  Still  the  sheave  is  unsafe. 
Usually  this  can  be  perceived  by  care  on  the  part  of  those  in 
charge,  for  when  the  arm  containing  the  fracture  is  in  such  a 
position  that  it  is  not  subjected  to  the  strain  of  the  cable  running 
over  it,  the  crack,  however  minute,  will  open  slightly,  and  it  is 
liable  to  absorb  or  take  in  a  minute  portion  of  the  oil  which  is 
generally  on  the  sheave  and  which  runs  down  from  the  journal 
boxes.  This  arm  when  it  comes  around  to  that  point  where  it  is 
subjected  to  compressive  strain  will  force  the  oil  out  of  the  frac- 
ture in  the  form  of  a  small  line  projecting  above  the  surface  of  the 
sheave.  It  requires  a  sharp  eye  to  detect  this,  but  it  can  be  seen 
with  care,  and  many  a  possible  accident  has  been  avoided  by  the 
acutenesB  of  the  attendant  in  this  respect.  It  is  here  mentioned 
for  the  benefit  of  those  readers  who  may  be  in  charge  of  elevators. 

AIR  CUSHIONS 

About  1878  Mr.  Gray,  of  Cincinnati,  conceived  the  idea  of  an 
air  cushion  as  an  extra  means  of  safety  for  elevators,  and  obtained 
the  first  patent  for  a  device  of  this  kind.  The  air  cushion  con- 
sists of  an  extension  of  the  hatchway  below  the  lower  landing,  and 
is  in  the  form  of  a  strongly  enclosed  air-tight  chambe.-  open  only 
into  the  hatchway  above.  The  guide  posts  are  run  down  into  this 
hatchway  and  the  cage  is  made  to  fit  it  rather  closely.  This  is 
usually  done  by  fastening  strips  of  thick  rubl>er  or  leather  below 
the  floor  of  the  cage,  and  allowing  them  to  project  to  within  about 
^  inch  of  the  sides  of  the  air  cushion.  Now  in  case  the  cage  should 
break  loose  from  the  cables,  it  will  descend  until,  having  entered 
this  chamber  a  certain  distance,  the  air  contained  within  the  cham- 
ber is  compressed  sufficiently  to  resist  the  further  descent  of  the 
cage.  At  this  point  it  begins  to  escape  through  the  margin  left 
all  around  the  sides  and  the  speed  of  the  cage's  descent  is  retarded 
until  it  sinks  gradually  to  the  bottom  of  the  chamber  without 
shock  or  jar. 
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The  margin  all  around  the  cage  for  the  escaping  of  air  is  a 
very  essential  feature  to  the  success  of  this  device.  Many  errors 
were  made  in  some  of  the  earlier  forms  of  this  device,  owing  to 
this  feature  not  being  well  understood,  for  it  is  quite  possible, 
where  the  air  is  confined  too  closely,  to  stop  the  cage  violently;  in 
fact,  this  will  be  the  effect  if  the  air  is  not  allowed  to  escape.  On 
the  other  hand,  if  too  wide  a  margin  is  left,  the  effect  desired  will 
not  result.  Great  care  has  to  be  exercised  to  have  the  chamber 
forming  the  air  cushion  air  tight,  strong  enough  to  resist  the 
strains  that  will  be  brought  to  bear  upon  it,  deep  enough  to  enable 
the  car  to  come  to  a  stop  gradually,  and  to  have  the  air  space 
around  the  car  just  right  to  allow  the  air  to  escape  in  sufficient 
quantity  to  prevent  a  shock,  and  at  the  same  time  not  fast  enough 
to  allow  the  car  to  drop  too  quickly  after  it  enters. 

The  usual  depth  of  the  air  cushion  is  about  8  or  9  feet  and 
the  space  or  margin  left  between  the  cage  and  sides  of  air  cushion 
is  from  §  to  ^  inch.  Some  modifications  are  usually  made  after 
the  work  is  finished  by  dropping  the  cage  from  a  moderate  height 
and  noting  results,  before  allowing  it  to  drop  the  full  extent  of  the 
run.  This  is  an  experiment  that  should  not  be  performed  by  .in- 
experienced persons,  for  accidents  have  frequently  happened  even 
to  men  thoroughly  experienced  in  the  business. 
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PRACTICAL  TEST  QUESTIONS, 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  numl>er 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  thase  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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REVIEW    QUESTIONS 


ON     fTHB     STTBJBOT     OF 


HEAT. 


EXERCISE  I. 

1.  What  is  the  difference  between  heat  and  temperature  ? 

2.  How  are  the  freezing  and  boiling  points  of  a  thermom- 
titer  determined  ? 

3.  To  what  temperature  F  does  — 10°  C  correspond? 

4.  To  what  temperature  C  does  —  20°  F  correspond  ? 

5.  What  is  the  temperature  of  steam  when  the  barometer 
stands  at  30.05  inches  ? 

6.  What  is  the  absolute  zero  of  temperature? 

EXERCISE  IK 

1.  Give  an  example  of   linear  expansion  from   your   own 
observation. 

2.  A  silver  dollar  is  nicely  fitted  into  an  iron  ring.     If  both 
are  heated,  will  the  coin  fit  more  or  less  tightly  ? 

3.  A  steel  rail  is  30  feet  long  at  20°  C.     How  long  is  it  at 
0°C? 

4.  A  surveyor  s  steel  tape  100  feet  long  is  correct  at  60®  F, 
How  much  in  error  is  it  at  86°  F  ? 

5.  One  end  of  every  long  iron  bridge  rests  on  rollers.     Why 
is  this? 

6.  700  cubic  feet  of  air  at  20°  C  are  heated  to  60®  0.     Find 
the  increase  iu  volume. 
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EXERCISE  111. 

1.  What  is  the  difference  between  evaporation  and  ebulli- 
tion? 

2.  For  what  reason  is  it  not  difficult  to  boil  water  on  top  of 
a  high  mc^ntain? 

3.  If  a  plug  of  tin  were  screwed  into  a  steam  boiler,  would 
it  remain  in  its  position  if  the  steam  pressure  were  raised  to  100 
lbs.  per  square  inch  ? 

4.  Upon  wliat  does  the  process  of  distillation  depend? 
Why  is  the  cooling  water  fed  in  at  the  bottom  i*ather  than  at  tlie 
top? 

5.  What  is  a  British  thermal  unit? 

6.  What  is  the  maximum  possible  efficiency  of  a  steam 
engine  taking  steam  at  185.3  pressure  (gage)  and  exliausting  at 
15  pounds  absolute  pressure? 

EXERCISE  IV. 

1.  What  is  meant  by  the  latent  heat  of  fusion?  Does  the 
temperature  of  a  substance  change  during  solidification  ? 

2.  How  many  pounds  of  water  at  60°  C  will  be  required  to 
melt  ten  pounds  of  ice  at  — 5*^  C  ? 

3.  How  many  pounds  of  steam  at  212°  F  will  just  melt  100 
pounds  of  ice  at  82°  F? 

4.  How  nijiiiy  pounds  of  steam  at  atmospheric  pressure  will 
raise  2,000  pounds  of  water  from  40°  F  to  50°  F  ? 

5.  Detiue  specifics  heat  in  your  own  words. 

6.  Wliat  is  superheated  steam? 

EXERCISE  V. 

1.  Is  there  any  thermal  advantage  in  making  a  boiler  of 
copper  rather  than  of  iron? 

2.  What  is  the  difference  between  conduction  and  convec- 
tion ? 

3.  Suppose  you  wished  to  heat  a  liquid  that  contracted  con- 
siderably on  heating.  Would  you  apply  the  heat  at  bottom  or  at 
top? 
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4.  An  iron  ball  is  heated,  but  not  to  redness.  Does  it  emit 
any  energy  other  than  by  heating  the  air  surrounding  it  ? 

5.  Give  an  illustration  from  your  own  observation  of  the 
conversion  of  mechanical  energy  into  heat. 

6.  How  many  foot-pounds  of  work  can  be  obtained  from  a 
pound  of  coal  having  14,000  B.  T.  U.  ?  Assume  7  per  cent  to  be 
used. 

EXERCISE  VI. 

1  What  is  the  first  law  of  thermodynamics  ?  How  many 
foot-pounds  are  there  in  one  B.  T.  U.  ? 

2.  Does  heat  tend  to  pass  fiom  a  high  temperature  to  a  low, 
or  the  reverse  ?     Give  an  example  from  your  own  observation. 

3.  Could  a  steam  engine  work  if  the  temperature  of  the 
boiler  were  no  higher  than  that  of  the  exhaust  pipe? 

4.  For  what  reason  is  brine  used  to  surround  the  vaporizing 
coils  of  an  ice-machine  ? 

5.  How  does  the  liquid-air  appai*atus  utilize  the  cold  pro- 
duced by  expansion  ? 

6.  Explain  the  difference  between  the  absorption  and  com- 
pression systems  of  refrigeration. 
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REVIEW    QUESTIONS 


ON     THB     SUBJBOT      O  >* 


CHEMISTRY. 


1.  WTiat  do  voii  understand  by  an  atom?     A  molecule? 

2.  What  is  the  standard  of  molecular  weight  ? 

3.  Name  all  the  elements  yon  have  ever  seen. 

4.  Without  looking  at  the  table  on  page  7,  write  the  sjTnbols 
of  iron,  calcium,  sodium,  lead,  carbon,  sulphur,  aluminum, 
fiilver,  oxygen,  chlorine,  hydrogen,  j)Otassium,  nitrogen,  zinc  and 
magnesium. 

5.  What  is  the  law  of  conservation  of  matter  ? 

().  Write  the  formula  for  water,  common  salt,  sulphuric 
acid,  sodium  carbonate,  carbon  dioxide,  lime,  ammonium  hydrate, 
hydrochloric  acid,  nitric  acid,  and  sulphur. 

7.  Write  the  eijuation  of  sulphuric  acid  on  lime  (calcium 
oxide). 

S.  What  is  the  atomic  weight  of  oxygen,  carbon,  nitrogen, 
iron,  calcium  i 

\),     Why  is  distilled  water  jaire  ? 

10.  What  is  *'hard"  water  'i  What  is  the  cause  of  temporary 
hardness  i     AVliat  is  the  cause  of  permanent  hardness  ? 

11.  (iive  the  molecular  weight  of  common  salt,  XaCl;  of 
sodium  carbonate,  NaX'O^;  of  sulphuric  acid,  II^SO^;  of  ammo- 
nium sulphate,  (  NlIJ_.SO^. 

12.  Name  the  two  principal  processes  for  making  sodium 
carbonate. 

\i\,  Wliat  are  the  j)roduct3  of  combustion  when  coal  ifl 
burned  in  ])lenty  of  air  i 

14.     What  happens  in  a  chemical  change? 
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15.  State  briefly  the  properties  and  characteristics  of  oxygen. 

16.  How  much  anhydrous  sodium  carbonate,  Na^CO^,  is 
there  in  ten  pounds  of  crystallized  sodium  carbonate  :  Na^COg- 
10  H,0  ? 

17.  What  percentage  of  lead  is  there  in  litharge,  lead  oxide, 
PbO? 

18.  How  many  pounds  of  air  are  theoretically  necessary  to 
completely  burn  200  pounds  of  coal  that  contains  82  per  cent,  of 
carbon  and  8  per  cent,  of  hydrogen  ?  Ans.     2,450  pounds. 

19.  What  is  the  valence  of  the  metals  in  the  following, 
CuO,  KO,  and  AgCl  ? 

20.  How  is  water-gas  made  ?  (b)  Why  is  it  more  dangerous 
to  life  than  ordinary  coal  gas  ? 

21.  Is  air  a  chemical  compound  or  a  mechanical  mixture  ? 
How  do  you  know  ? 

22.  Explain  with  reactions  the  combustion  of  coal  in  a  stove. 

23.  What  do  you  understand  by  valence  ? 

24.  The  water  used  for  a  boiler  contains  2  pounds  calcium 
sulphate  per  1,000  gallons.  How  much  pure  sodium  carbonate 
will  be  required  to  precipitate  the  calcium  as  carbonate,  assuming 
the  reaction 

CaSO,  +  Na,C03=CaC03 + Na.SO,. 

25.  Name  the  most  important  gases  found  in  the  atmosphere. 

26.  Describe  briefly  carbon  dioxide  and  carbon  monoxide 
and  state  their  chief  differences. 

27.  Complete  the  following  reactions: 

?HN03+Ca(0H),=  "i+ll.O 
CaO  +  H,0=  ? 
Na,C03+?HCl=?  H,0 

28.  How  much  sulpuric  acid  (100  per  cent.  H^SO^)  will  be 
required  to  dissolve  20  pounds  of  iron  ? 

Fe+H,SO,=FeSO,  +  H, 
How  much  commercial  sulphuric  acid  containing  95  per  cent 
HjSO^  would  be  required  ? 
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REVIEW     QUESTIONS 


ON       THE      SrTHJICOT      OV 


CONSTRUCTION     OF    BOILERS 


1.  If  they  are  near  together  how  are  two  flat  parallel  sm^ 
faces  staved  ? 

2.  Descrilx?  a  rivet. 

3.  Since  eop[)er  is  such  a  desirable  metal  for  boiler  work 

why  is  it  not  used  more  extensively? 

4.  Wliy  is  a  large  factor  of  sjifety  used  for  stays? 

5.  Staic  what  you  can  (briefly)  about  tlie  injuries  done  to 
plates  by  ])unilnnix  and  the  methods  employed  to  overcome  them. 

i).      Why  are  not  wehU'd  joints  used  more  generally? 

7.  In  what  two  wavs  are  tubes  fasteued  to  the  tuln*  sheet? 

8.  A]>out   wlint  is  the  ratio  of  length  to  diameter  of  the 
multitu])nlar  ty}K»  of  Ixjilcr? 

[),     Kxplarn  livcting  with  eountei'sunk  head. 

10.  Is  the  greatest  tendency  to  rupture  along  the  longitu- 
dinal or  the  rirrunifcrential  seams? 

11.  Wliy  is  tlie  h*ngth  of  a  grate  limited? 

1:^.  Wliirh  is  the  stronger  fcrui  of  riveting,  the  lap  joint  or 
double  butt  joint  (l)oth  witli  double  riveting)? 

lo.  Whv  are  the  sliort  screw  stav  bolts  turned  smooth  in 
the  center? 

14.  Why  are  flanged  joints  preferable  to  those  made  with 
east  iron  an^h^  irons? 

1").      What  is  the  water-le<^? 

1(1.      For  what  (pialitii's  are  boiler  materials  tested? 

IT.     What  is  the  j)riniipal  advantage  of  pneumatic  calking  J 


512 


CONSTRUCTION  OF  BOILERS. 


18.  Name  some  of  the  considerations  that  must  l)e  kept  in 
mind  when  designing  a  boiler  ? 

19.  If  the  rivet  is  1  inch  in  diameter  what  would  you  make 
the  pitch,  if  single  riveted  lap  joint? 

20.  Upon  what  does  the  choice  of  type  of  boiler  depend? 

21.  What  is  the  thickness  of  the  shell  of  a  boiler  if  the 
diameter  is  60  inches,  the  steam  pressure  70  pounds  per  square  inch, 
the  joint  has  an  efficiency  of  .68  and  the  working  strength  of  the 
metal  9000  pounds  per  square  inch?  The  working  strength 
equals  the  breaking  strength  S,  divided  by  f. 

Use  the  formula      t  =  — J=-.  Ans.  |  inches. 

2SE  ^ 

22.  Find  the  allowable  j)ressure,  if  the  above  conditions  are 
the  same,  with  the  exception  of  t,  which  is  J  inch. 

Ans.  102  pounds  per  square  inch. 

23.  Why  should  calking  be  done  carefully  and  with  a  proper 
shaped  tool  ? 

24.  AlK)ut  what  fraction  of  the  volume  of  a  multitubular 
boiler  is  the  steam  space  ? 

25.  If  the  boiler  is  to  supply  steam  to  a  high  speed  engine, 
should  the  steam  space  be  larger  or  smaller  than  if  to  a  low  speed 
engine  ? 

26.  Why  is  wrought  iron  preferable  to  east  iron  for  boiler 
shells  ? 

27.  Why  is  a  riveted  joint  weaker  than  an  uncut  plate? 

28.  A  boiler  evaporates  3211  pounds  of  water  per  hour. 
The  grate  is  6|^  feet  by  4  feet  and  the  coal  evaporates  9^  pounds 
of  water  per  pound.     What  is  the  rate  of  combustion  ? 

Ans.  13  pounds  per  sq.  ft.  per  hour. 

29.  What  kind  of  joint  is  generally  used  for  longitudinal 
seams  ? 

30.  What  should  be  the  diameter  at  the  top  of  a  chimney 
81  feet  high  if  2.88  pounds  of  coal  are  burned  per  horse-power 
Der  liour,  and  the  horee-power  is  KjO? 

Use  formula  foot  page  56.  Ans.  28  inches. 

31.  Name  four  general  requirements  that  a  l)oiler  must 
nave. 

82.     What  are  the  advantages  of  machine  riveting 
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O  JSr    T  H  K    S  U  IIJ  E  C  T    OF 


TYPES    OF    BOILERS. 


1.  Why  are  water- tube  boilers  lighter  than  those  of  the  fire- 
tube  type  ? 

2.  In  the  fire- tube  boiler,  are  the  tubes  large  or  small  for 
forced  draft  ?     Why  ? 

3.  Make  a  sketch  of  a  multitubular  boiler  and  locate  the 

important  parts.     Show  by  means  of  arrows  the  path  of  the  hot 

gases. 

Note:    The  eketch  should  combine  Figs.  12  and  13. 

4.  Name  three  boilers  that  have  curved  water  tubes,  are  non- 
sectional,  and  have  a  steam  drum  of  the  cross  type. 

5.  Describe  briefly  the  Stirling  boiler. 

().  Classify,  under  the  headings  *' sectional"  and  "non- 
sectional,"  all  the  water-tube  boilers  described  in  this  Instruction 
Paper. 

7.  Trace  the  chanrres  that  occurred  in  the  development  of 
the  horizontal  multituhular  ]>oiler  from  the  plain  cylindrical. 

8.  What  is  the  peculiarity  of  Beggs'  Directum  Boiler  ? 

0.  AVhat  are  the  advantatjes  of  the  double-ended  return-tube 
boiler  i 

10.  Trace  the  path  of  tlie  hot  gases  in  the  Atlas  boiler.  For 
what  purpose  is  the  third  drum  ? 

11.  In  what  way  dcK^s  the  Kiclausse  boiler  differ  from  all 
others  here  described  ?  Trace  the  course  of  the  water.  Describe 
the  construction. 

12.  Describe  briefly  the  flue  boilers, — Cornish,  Lancashire, 
and  Galloway.  Identify  each  by  stating  the  peculiarities  in  a  few 
words. 
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13.  What  is  a  Breeches-flued  boiler? 

14.  Sketch  the  longitudinal  section  of  a  single- furnace  single- 
ended  return -tube  boiler  and  name  the  principal  parts. 

15.  Is  the  Babcock  and  Wilcox  a  sectional  boiler?  .  In  what 
way  does  it  differ  from  the  Root  ? 

IB.     What  is  the  chief  peculiarity  of  the  Harrison  boiler? 

17.  How  does  the  Belpaire  fire-box  differ  from  the  Wootten  ? 

18.  Why  are  vertical  fire-tube  boilers  not  economical?  De- 
scribe the  fire-box  construction  in  the  MamWng  boiler? 

19.  Describe  the  feed  water  heater  used  with  the  Mosher 
boiler.     Is  this  a  sectional  boiler? 

20.  What  two  boilers  belong  to  the  class  that  may  be  briefly 
described  as: 

Straight   Vertical    Water-Tubes,  Single-Tube,  Kon- Sectional. 

21.  Describe  the  Robb-Mumford  boiler.  Why  is  the  furnace 
flue  corrugated?     Why  is  the  lower  shell  inclined? 

22.  In  what  ways  does  the  Hazelton  boiler  differ  from  the 
Wickes  ? 

23.  Why  should  the  boiler  shown  in  Fig.  34  be  economical 
and  at  the  same  time  occupy  but  little  space  ? 

24.  Name  all  the  boilers  you  can  think  of  that  have  the  fol- 
lowing characteristics: 

AVater-Tube  —  Non  -Sectional  —  Straight-Tube  —  Water  -  Tubes 
Horizontal  Or  Nearly  So — Steam  Drum  Horizontal. 

25.  Is  the  Worthington  boiler  sectional  ?  What  can  you  say 
regarding  the  extent  of  the  furnace  as  compared  with  the  tubes? 

20.  Discuss  briefly  some  of  the  advantages  claimed  for  water- 
tube  boilers. 

27.  Why  should  one  of  the  brackets  supporting  a  multi- 
tubular boiler  be  placed  on  rollers? 

28.  In  general,  how  are  flat  plates  within  a  boiler  prevented 
from  bulging  or  collapsing?  How  are  two  flat  or  curved  surfaces 
stayed  when  they  are  close  together  ? 

29.  The  Cahall  boiler  may  be  described  as  follows: 
Water  Tubes  Vertical — Straight-tube — Non -Sectional. 
Why  cannot  the  Milne  be  placed  in  the  same  class  ? 

30.  In  what  boiler  are  small  circulatincr  tubes  used  for 
obtaining  dry  steam  ? 
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ON      XHK      StTiiJEOT      O  W 


BOII.ER   ACCESSORIES 


1.  When  are  check  valves  used?     Explain  the  action. 

2.  What  is  the  unit  of  lK)iler  lioi-se-power? 

;K  Wlmt  devices  are  used  to  drain  condensation  froDi 
steam  i>ipes? 

4.  Wliiit  are  the  defects  of  the  lever  safety  valve? 

;').  Why  should  the  feed  supply  he  regulated  so  that  the 
waUM*  k'velsliall  be  as  nearly  stationary  as  possible? 

r».  l)csrril)e  tlie  principle  uixm  which  the  injector  or 
inspirator  works. 

7.  Why  is  it  necessary  to  reduce  the  actual  evapoi-ation  to 
an  ('(juivalent  evaporation,  before  comparisons  can  be  made? 

5.  Name  somr  methods  for  preventing  smoke. 

\K      Desdihe  the  two  types  of  feed  water  lieaters. 

\0.  Of  wliat  are  fnsi])le  l)lugs  made?  Where  are  thej 
place(l '.'' 

1 1.      What  are  the  recpiisites  of  a  good  Ixnler  setting  ? 

1 -.      Wliat  portions  (»f  ;i  ])o*der  sliouhl  be  kept  clean? 

1^).      What  is  a  irood  avera<^(;  lu^at  value  for  coal? 

14.  In  ]>nihlinii^  a  lire  8G0  pounds  of  wood  were  used.  What 
is  the  ( oal  eijuivah'Ut? 

1 ').  State  some  reasons  why  the  efliciency  of  a  l)oiler  and 
furnace  is  considerably  h'ss  than  lOQ  percent. 

16.  I)escrii)e  tlie  pop  Kafety  valve. 

17.  What  shonhl  be  the   diameter  of  a  safety  valve  when 


5:16 


BOILER    ACCESSORIES. 


the  boiler  evaporates  1.346  pounds  of  water  per  second,  if  the  lift 
IB  .1  of  an  inch  and  the  pressure  100  pounds  (absolute)  ? 

Alls.     8  inches. 

18.  Describe  the  process  of  banking  a  fire. 

19.  What  harm  is  caused  by  the  admission  of  engine  oil  to 
the  boiler  ? 

20.  In  general,  how  are  boiler  explosions  prevented? 

21.  What  ary  the   three    kinds  of   firing? 

22.  N^rme  and  state  the  objects  of  the  two  kinds  of  boilei 
tests. 

23.  Describe  the  action  of  the  down  dmft  furnace, 

24.  Where  is  the  feed  water  generally  introduced  ? 

25.  Name  some  good  pipe  coverings. 

26.  Why  is  scale  undesirable? 

27.  Why  should  the  steam  space  never  be  exposed  to  the 
tieat  of  the  fire  ? 

28.  A  lever  safety  valve  is  set  to  blow  off  at  65  pounds. 
The  ball  at  the  end  weighs  110  pounds,  the  lever  weighs  48 
pounds  and  has  its  center  of  gravity  18  inches  from  the  fulcrum. 
The  valve  is  4|  inches  from  the  fulcrum.  The  valve  has  a  diam- 
eter of  4^  inches  and  with  the  spindle  weighs  14  pounds.  At 
what  distance  from  the  fulcrum  must  the  ball  be  placed? 

Ans.     33^  inches  (nearly). 

29.  Describe  in  detail  the  methods  for  st<irting  a  fire  in  a 
boiler  furnace,  for  bituminous  coal. 

30.  Why  are  patches  of  scale  more  harmful  than  a  uniform 
coating  ? 

31.  If  you  wtiie  in  charge  of  a  boiler  and  the  gage  cocks 
gave  no  indication  of  water,  what  would  you  do? 

32.  Describe  bnefly  the  two  most  important  kinds  of  coal. 

33.  Show  whv  it  is  economical  to  introluee  the  feed  water 
at  a  high  temperature.  What  per  cent,  is  gained  if  the  feed  water 
enters  at  200°  F.  instead  of  60°  F.?  The  pressure  is  110  i)oundg 
(gage). 

34.  Describe  the  action  and  principle  of  the  Bourdon  gage. 
(Make  sketch). 

85.     Before  opening  the  drafts,  what  should  a  fireman  do? 
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86.  Describe  briefly  the  different  kinds  of  forced  draft  and 
whne  used. 

87.  Explain  the  importance  of  gage  cocks. 

8S.  Do  you  think  mismanagement  causes  many  boiler  explo- 
sions ?     Why  ? 

89.  What  data  should  be  taken  at  a  boiler  trial,  and  at  what 
intervals  ? 

40.  Find  the  diameter  of  the  steam  pipe  when  the  total 
amount  of  steam  furnished  per  minute  is  200  pounds ;  the  pres- 
sure is  105  pounds  absolute,  and  the  allowable  velocity  5,500  feet 
per  minute.  Ans.     5|  -f  inches.     Use  6-inch  pipe. 

41 .  Name  some  general  causes  for  boiler  explosions. 

42.  Why  does  the  application  of  high  pressure  injure  a 
boiler? 

43.  Name  three  ways  to  prevent  and  remove  scale. 

44.  Describe  boiler  testing  by  the  Standard  method. 

45.  Why  is  there  a  large  amount  of  energy  in  boilers?  Is 
it  in  the  water  or  in  the  steam? 

46.  Name  the  principal  apparatus  used  in  boiler  trials  and 
describe  their  uses. 

47.  What  impurities  in  feed  water  cause  corrosion? 

48.  Explain  tlie  action  of  soda  on  feed  water  impurities. 
19.     The  following  results  were  obtained  from  a  separator 

calorimeter  ti^st;  weight  of  dry  steam  12  pounds,  weight  of  water 
8ei)arated  8  ounces,  radiation  loss  2  ounces.  Find  the  quality  of 
the  steam.  Ans.     3  j^er  cent,  moisture. 

50.  The  data  from  a  throttling  calorimeter  test  are  as  fol- 
lows: steam  pressure  85  pounds  (absolute),  pressure  in  calori- 
meter 2o  lbs.  (absolute),  and  temperature  in  calorimeter  26G.5**F. 
Find  the  quality  of  the  steam.  Ans.     1.18  percent,  moisture. 

51.  What  is  tlie  action  of  kerosene  oil  in  a  boiler? 

52.  How  is  forced  draft  measured? 

53.  Find  the  equivalent  evaporation  when  a  boiler  evapor- 
ates 1,900  pounds  of  water  per  hour;  the  gage  pressure  being  115 
pounds,  and  the  temperature  of  feed  water  80°F.  What  is  the 
horse-power  of  the  boiler? 

Ans.     Equivalent  evapojation  2,242  pounds.     66  H.  P. 
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1.  Find  the  pressure  per  square  inch  corresponding  to  a 
bead  of  187.42  feet. 

2.  Under  what  conditions  should  a  centrifugal  pump  be  used  f 

3.  Describe  the  rotary  pump. 

4.  If  a  large  quantity  of  water  is  to  be  lifted  a  slight 
amount  (for  instance  20  feet)  is  it  better  to  use  a  direct-acting 
pump  or  a  centrifugal  pump  ? 

5.  How  many  gallons  per  minute  can  be  raised  by  a  pump 
having  a  water  cylinder  8  inches  in  diameter,  12  inches  stroke,  if 
it  makes  45  double  strokes  per  minute  ?  Assume  6%  slip. 

6.  What  materials  are  used  for  valve  discs  for  cold  water? 
For  hot  water  ? 

7.  Which  is  the  better  form  of  spring  for  a  valve,  cylindrical 
or  conical  ?     Why  ? 

8.  Under  what  conditions  is  it  better  to  use  a  plunger  pump 
rather  than  the  piston  type  ? 

9.  A  single  cylinder  pump  is  6"xl0".  What  should  be  the 
volume,  diameter  and  height  of  the  air  chamber  on  the  discharge 
pipe  ? 

10.  A  12"  xlO"  duplex  makes  52  double  strokes  per  minute. 
What  is  the  piston  speed  in  leet  per  minute  and  what  is  the  dis- 
charge  in  gallons  ? 

11.  A  double-acting  pump  is  to  discharge  232  gallons  per 
minute.  On  account  of  the  pressure  against  which  the  pump 
must  work,  the  water  cylinder  must  be  7  inches  in  diameter.  The 
allowable  number  of  double  strokes  per  minute  is  55.  What  ia 
the  length  of  stroke  ?     What  is  the  piston  speed  2 
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12.  Suppose  a  pump  has  a  suction  of  14  feet  and  the  k>8a 
due  to  friction  in  the  piping  is  3  poiltids  per  square  inch.  The 
pump  is  a  3"  X  1()"  and  the  discharcre  is  against  a  head  of  80  feet. 
If  the  jninip  makes  40  double  strokes  per  minute,  what  horse  power 
is  required,  allowing  20%  for  friction  ? 

13.  The  head  against  which  a  pump  works  is  122  feet.  If 
the  plunger  is  4  inches  in  diameter  and  the  steam  end  7  inches, 
what  steam  j)ressure  must  be  used?  Consider  the  plunger  friction 
to  be  To  pounds. 

14.  A  boiler-feed  pump  works  against  a  pressure  of  145 
pounds.  It  draws  water  from  a  tank  located  so  that  the  lift  is  16 
feet.  If  the  steam  ])re8sure  at  the  jmmp  is  130  pounds  and  steam 
cylinder  is  8  inches  in  diameter,  what  is  the  diameter  of  the  plun- 
ger {  (a)  Make  no  allowance  for  friction,  (b)  Assume  friction 
to  be  15%. 

lo.     Describe  the  setting  of  the  valves  of  a  duplex  pump. 

10.     Describe  the  valve  motion  of  a  duplex  pump. 

17.  Draw  a  diagram  and  locate  the  high-pressure  cylinder, 
the  low-pressure  cylinder,  the  pistons,  the  piston  rod,  water  cylin- 
de**,  plunger,  and  air  chamber  of  a  tandem  compound  pump. 

Is.  AMiat  means  are  used  for  connecting  the  shaft  of  a  gas 
or  steam  en<j^ine  to  a  triplex  pump  ? 

V.K     How  is  steam  cushion  obtained  in  a  pump? 

20.  AVhy  are  laps  added  to  steam  valves  ? 

21.  AVhat  sliuuld  be  the  maximum  lift  for  a  disc  valve  ? 

22.  Explain  with  sketch  the  action  of  the  combined  forcing 
and  liftin^x  punip  (double  acting). 

23.  l)e.--cribe  the  usual  lost-motion  device  for  a  duplex 
purap.     AVhy  is  it  us(m1  i 

24.  AVhere  should  the  cheek  valve  of  a  suction  end  be  placeds 
2.").     A\  hat  kind  of  ])aeking  is  commonly  used  in  the  water- 

end  stutfinii  box  ( 

2<).  If  a  jaimp  slams  on  one  stroke  but  not  on  the  other, 
what  is  the  probable  cause  'i 

27.  Give  method  of  j)rocedure  in  starting  a  compound  con- 
densing jmmp. 

2^.  AVhat  is  the  most  common  cause  of  short  stroke  on  on6 
side  of  a  duplex  ])nmp  ' 
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29,  What  is  meant  by  "duty**  ? 

30,  How  may  the  slip  be  found  ? 

81.  The  statement  on  page  42,  lines  8,  9,  and  10,  gives  the 
ordinary  method  of  determining  the  actuel  from  the  theoretical 
H.  P.  Is  it  correct  mathematically  ?  What  is  the  actaal  t  fficiency 
assumed  in  the  case  ? 

32.  What  size  rod  would  you  use  for  a  9"  piston  ! 

33.  Wliat  would  be  the  diameter  oi  the  valves  for  a  10"  x  12" 
pump,  if  four  valves  were  used  ? 

34.  What  form  of  steam  valve  is  used  for  direct-acting 
pumps?     How  are  the  valves  operated  ? 

35.  What  are  the  important  points  to  watch  in  piping  up  a 
pump? 

30.  Where  could  graphite  be  usea  to  advantage  in  pump 
running  ? 
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